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A PHYSIOLOGICAL  STUDY  OF  THE  CLIMATIC  CONDITIONS  OF 
MARYLAND,  AS  MEASURED  BY  PLANT  GROWTH1 

A Second  Contribution  from  Data  Obtained  Under  the  Auspices  of 
the  Maryland  State  Weather  Service,  in  1914 

F.  MERRILL  HILDEBRANDT 


ABSTRACT2 

The  present  paper  presents  the  results  obtained  from  a study  of  a series  of  obser- 
vations on  the  climatic  complexes  for  nine  different  stations  in  Maryland  for  the  sum- 
mer of  1914,  as  the  effectiveness  of  each  complex  was  automatically  integrated  by  soy- 
bean plants  grown  for  a period  of  4 weeks  from  the  seed,  new  seeds  being  planted  every 
2 weeks.  Corresponding  instrumental  observations  were  also  studied. 

The  field  work  was  carried  out  by  Dr.  Forman  T.  McLean,  under  the  joint  auspices 
of  the  Maryland  State  Weather  Service  and  the  Laboratory  of  Plant  physiology  of  the 
Johns  Hopkins  University.  McLean3  has  presented  an  account  of  the  plan  and  methods 
by  which  the  observational  data  were  obtained  and  he  also  made  a thorough  study  of 
the  growth  data  for  soy-bean,  for  the  stations  at  Oakland  and  Easton,  his  main  results 
and  conclusions  having  been  set  forth  in  his  publications. 

The  study  with  which  the  present  paper  deals  involved  all  the  climatic  and  soy-bean 
data  obtained  by  McLean;  it  thus  included  data  for  nine  different  localities  well  dis- 
tributed throughout  the  state.  The  plants  for  all  stations  and  for  all  periods  were 
treated  practically  alike,  excepting  for  the  climatic  conditions  of  the  several  localities. 
The  same  soil  was  used  for  all  cultures.  The  values  obtained  from  the  plant  measure- 
ments, made  after  2 and  after  4 weeks  of  growth,  therefore  constitute  comparative  and 
quantitative  descriptions  of  the  total  influence  exerted  by  all  the  climatic  conditions 
upon  the  plants,  and  they  exhibit  the  seasonal  march  of  this  climatic  resultant  in  terms 
of  the  responses  of  the  different  sets  of  cultures.  The  plant  measurements  themselves, 
and  the  values  derived  from  them,  form  perhaps  the  most  important  contribution  in 
the  present  paper.  The  graphs  of  these  values  depict  the  seasonal  march  of  each  cli- 
matic complex,  not  after  the  manner  of  the  instrumental  readings  usually  employed  in 
the  study  of  climate,  but  as  measures  of  the  effectiveness  of  the  climatic  complex  to 
favor  or  retard  the  growth  of  the  standard  plant,  the  latter  being  employed  as  a “living 
instrument”  or  indicator  of  climatic  effectiveness.4 

The  plant  measurements  employed  are:  (1)  stem  height,  (2)  leaf  area,  (3)  leaf- 
product  (length  multiplied  by  width),  (4)  dry  weight.  The  climatic  values  used  are: 
(1)  air  temperature,  (2)  the  evaporating  power  of  the  air,  (3)  sunlight  intensity  and 
duration.  Values  to  represent  the  temperature  efficiency  for  growth  are  derived  from 
the  temperature  records  by  means  of  the  Livingston  physiological  temperature  indices 


1 Botanical  contribution  from  the  Johns  Hopkins  Hospital  University,  no.  60.  This  work  was  practically 
completed  in  1917,  but  war  conditions  delayed  its  publication. 

2 This  abstract  was  preprinted,  without  change,  from  these  types  and  was  issued  as  Physiological  Researches 
Preliminary  Abstracts,  vol.  2,  no.  8,  May,  1921. 

3  McLean,  Forman  T.  A preliminary  study  of  climatic  conditions  in  Maryland,  as  related  to  plant  growth 
Physiol.  Res.  2:  129-208.  1917.  A brief  account  had  appeared  earlier: — Idem.  Relation  of  climate  to  plant 
growth  in  Maryland.  Monthly  Weather  Rev.  43:  65-72.  1915. 

4  Livingston,  B.  E.,  and  McLean,  F.  T.  A living  climatological  instrument.  Science  43:  362.  1916. 
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All  of  the  measurements,  both  plant  and  climatic,  are  expressed  relatively,  so  that  they 
may  be  compared  for  different  stations  and  for  different  periods. 

Considering  the  soy-bean  plant  (as  here  employed)  as  a standard  plant  or  indicator 
for  the  measurement  of  climatic  efficiency  to  produce  plant  growth,  it  appears  that, 
for  the  season  of  1914,  the  climatic  complexes  for  some  culture  periods  were  more  efficient 
in  this  sense  than  might  be  expected  from  an  attempt  to  interpret  the  corresponding 
climatic  data,  while  the  complexes  for  other  periods  were  actually  less  efficient  to  pro- 
duce soy-bean  growth  than  might  be  surmised  from  the  corresponding  climatic  values. 
No  successful  method  has  yet  been  brought  forward  by  which  the  value  of  a climatic 
complex,  to  produce  growth  in  any  plant  form,  may  be  deduced  from  instrumental 
data,  and  the  plant  measurements  of  this  study  furnish  a means  by  which  climatic 
efficiency  as  a whole  may  be  directly  compared  for  different  periods  and  for  different 
stations.  The  seasonal  means  derived  from  the  plant  data  give  relatively  low  efficiency 
values  for  the  climatic  complexes  of  the  three  western  stations  (Oakland,  Chewsville 
and  Monrovia),  high  values  for  the  complexes  of  Baltimore  and  Darlington,  and  inter- 
mediate values  for  the  complexes  of  the  remaining  stations  (College,  Coleman,  Easton, 
and  Princess  Anne). 

If  indices  for  total  seasonal  climatic  efficiency  are  derived  by  multiplying  the  seasonal 
average  growth  rate  per  day  by  the  normal  length  (days)  of  the  growing  season  for  the 
station  in  question,  these  indices  have  the  following  values  for  the  several  stations: 
Oakland,  9009;  Chewsville,  12480;  College,  16867;  Easton,  17688;  Princess  Anne,  19005; 
Coleman,  21115;  Darlington,  23688;  Baltimore,  25422.  In  considering  these  relative 
climatic  indices  it  should  be  emphasized  that  the  data  of  this  study  do  not  involve  pre- 
cipitation as  an  influential  climatic  feature;  the  culture  plants  were  automatically 
irrigated  so  that  they  never  suffered  from  lack  of  soil  moisture. 

A study  was  made  of  the  interrelations  of  the  different  kinds  of  plant  measurements, 
dealing  therefore  with  some  aspects  of  growth  correlation  in  soy-bean.  It  appears 
that  the  rate  of  stem  elongation  was  greater  than  the  rate  of  leaf  expansion  when  both 
were  relatively  small,  while  the  former  rate  was  the  smaller  of  the  two  when  both  were 
relatively  large.  The  rate  of  production  of  dry  weight  appears  to  have  been  nearly  pro- 
portional to  the  rate  of  increase  of  leaf  surface;  the  relative  values  of  these  two  growth 
criteria  are  generally  about  equal  numerically. 

The  statements  just  made  apply  to  the  data  for  plants  quite  openly  exposed,  but 
some  observations  on  cultures  somewhat  protected  above  by  glass  were  available,  and 
also  a set  of  observations  on  cultures  in  forest  at  Baltimore.  These  all  indicate  that 
the  height  rate  was  relatively  greater  than  the  rate  of  leaf  expansion  for  these  more  or 
less  shaded  conditions,  while  the  rate  of  dry-weight  production  was  smaller  than  the 
corresponding  rate  of  leaf  expansion.  The  outcome  of  this  part  of  the  study  may  throw 
some  light  on  the  general  problem  as  to  what  sort  of  plant  measurements  may  be  best 
suited  to  quantitative  comparisons  of  the  efficiencies  of  different  climatic  complexes. 
An  interesting,  and  probably  valuable  result  of  this  study  is  that  the  calculated  leaf- 
product  (length  times  breadth,  which  can  be  obtained  without  injury  to  the  plants,  if 
that  is  desirable)  is  generally  proportional  to  the  leaf  area;  of  course  for  these  soy-bean 
plants. 

The  climatic  data  themselves  showed  a pronounced  general  agreement  between  the 
graph  for  sunlight  and  the  corresponding  one  for  evaporation  (standardized  white 
cylindrical  porous-cup  atmometer),  this  being  probably  due  to  the  relatively  great 
importance  of  solar  radiation  in  determining  the  evaporation  rate.  The  climatic 
values  indicate  a general  seasonal  march,  which  is  very  evident  for  temperature,  less 
so  for  sunlight  and  rather  obscure  for  evaporation.  For  details  regarding  the  climatic 
values,  as  well  as  for  the  plant  values,  reference  must  be  made  to  the  tables  and  graphs 
and  to  the  text  of  the  paper. 
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INTRODUCTION  ' 

During  the  summer  of  1914  an  elaborate  investigation  was  undertaken  by 
the  Maryland  State  Weather  Service  in  cooperation  with  the  Laboratory  of 
Plant  Physiology  of  the  Johns  Hopkins  University,  with  the  object  of  ascer- 
taining some  of  the  relations  between  climatic  conditions  and  the  growth  of 
certain  plants  exposed  at  different  stations  in  Maryland.  Detailed  informa- 
tion as  to  the  growth  of  the  plants  used  is  of  course  necessary  in  such  a study, 
as  is  also  corresponding  knowledge  of  those  environmental  conditions  that 
are  considered  as  climatic.  The  plant  records  were  secured  in  this  case  by 
growing  cultures  of  certain  plants  under  the  environmental  conditions  to  be 
studied,  and  noting  the  amount  of  growth  accomplished  during  definite  peri- 
ods of  time.  In  order  that  a corresponding  series  of  measurements  of  some 
of  the  environmental  conditions  might  be  available  for  comparison  with 
these  growth  measurements,  the  cultures  were  located  at  certain  of  the 
regular  observation  stations  of  the  U.  S.  Weather  Bureau,  at  nine  different 
places  in  the  state.  The  general  plan  of  the  study  and  a detailed  considera- 
tion of  the  methods  used  has  already  been  published  by  McLean,5  who  did 
all  of  the  field  work  personally.  The  original  data  dealt  with  in  the  present 
paper  were  secured  from  McLeans’  records,  and  it  will  be  necessary  to  give 
here  only  so  much  description  of  the  ways  in  which  these  measurements  were 
obtained  as  is  needed  to  render  their  use  in  the  present  prfblication  intelligible. 
The  following  description  is  taken  mainly  from  McLean’s  paper,  which  also 
deals  with  the  growth  of  soy-bean  plants,  but  for  only  two  of  Ihe  stations, 
Easton  and  Oakland.  The  present  paper  gives  the  main  results  for  soy-bean 
plants  for  all  of  the  nine  stations,  together  with  some  attempts  at  interpreta- 
tion. 

This  study  has  been  carried  out  partly  through  financial  aid  furnished  by 
the  Maryland  State  Weather  Service.  It  was  suggested  by  Prof.  B.  E.  Liv- 
ingston and  carried  out  under  his  direction.  The  writer  wishes  to  express 
his  indebtedness  to  Prof.  Livingston  for  much  assistance  in  carrying  out  the 
study  and  for  helpful  criticism  in  the  preparation  of  manuscript.  The  writer 
also  wishes  to  thank  Dr.  H.  E.  Pulling  for  valuable  suggestions  made  during 
the  course  of  the  study. 

The  stations  employed  were  Oakland,  Chewsville,  Monrovia,  College  Park, 
Baltimore,  Darlington,  Coleman,  Easton,  and  Princess  Anne.  One  station, 
Oakland,  is  in  the  Allegheny  plateau.  Four  stations  are  in  the  Piedmont 
plateau;  one  of  these  (Chewsville)  being  in  the  Hagerstown  valley,  two  (Darl- 
ington and  Monrovia)  in  the  hilly  country  north  and  west  of  Baltimore,  and 
one  (Baltimore)  at  the  lower  edge  of  the  plateau  near  Chesapeake  bay.  Four 
stations,  College  Park,  Coleman,  Easton  and  Princess  Anne,  are  in  the  coastal 

6 McLean,  F.  T.  A Preliminary  study  of  climatic  conditions  in  Maryland,  as  related  to  plant  growth. 
Physiol.  Res.  2:  129-208.  1917. 
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plain.  Coleman,  Easton,  and  Princess  Anne,  are  east  of  Chesapeake  bay, 
while  College  Park  is  west  of  it  and  much  farther  inland,  near  the  line  of  de- 
marcation between  the  coastal  plain  and  the  Piedmont  plateau.  All  of  the 
stations  except  Oakland  are  at  comparatively  low  elevations — less  than  310 
meters  (1000  feet)  above  sea-level.  Oakland  has  an  elevation  of  775  meters 
(2500  feet).  The  geographical  distribution  (see  fig.  1)  of  these  stations  is 
such  as  to  insure  considerable  differences  in  climatic  conditions. 

At  each  of  the  nine  places  referred  to,  a series  of  cultures  was  grown  in 
the  open  with  no  covering  other  than  a screen  of  large-meshed  wire  netting. 
These  have  been  termed  the  exposed  stations.  Also,  at  Oakland,  Baltimore, 
and  Easton  series  of  cultures  were  grown  under  glazed  cold-frame  sash  sup- 
ported horizontally  1 meter  (3.3  feet)  above  the  surface  of  the  soil.  These 
have  been  termed  the  covered  stations.  The  plants  were  freely  exposed  at 
the  sides,  the  sash  being  supported  merely  by  corner  posts.  They  were 
located  within  a very  few  meters  of  the  enclosures  containing  the  plants  of 
the  exposed  stations  and  were  subjected  to  the  same  climatic  conditions  as 
the  exposed  plants,  except  in  so  far  as  these  conditions  were  modified  by  the 
glass  covers.  Furthermore,  a series  of  cultures  was  exposed  in  the  woods 
hear  the  Laboratory  of  Plant  Physiology  of  the  Johns  Hopkins  University  at 
Baltimore.  This  has  been  termed  the  Baltimore  forest  station.  As  in  the 
case  of  the  exposed  stations,  these  forest  cultures  were  covered  by  a pro- 
tective screen  of  wire  netting.  They  were,  of  course,  subjected  to  a complex 
of  climatic  conditions  quite  different  from  those  of  the  exposed  and  covered 
stations  at  Baltimore.  The  forest  station  was  distant  about  150  meters  (490 
feet)  from  the  exposed  and  covered  stations,  at  Baltimore.  There  are  thus 
plant  data  available  from  13  series  of  cultures  in  all,  each  series  having  been 
exposed  to  a different  set  of  environmental  conditions  throughout  the  season. 

The  cultures  were  so  planned  that  the  plants  might  be  considered  as  stand- 
ard plants  for  the  comparative  measurement  of  climatic  conditions  in  accord- 
ance with  a suggestion  made  by  Livingston  and  McLean.6  Since  the  prob- 
lem of  expressing  plant  growth  in  terms  of  the  intrumental  measurements  of 
the  climatic  conditions  that  control  it  is  rendered  exceedingly  complex  by  the 
number  of  these  conditions  and  by  their  continual  variation,  as  well  as  by 
the  changing  internal  conditions  of  the  plant  itself,  a detailed  analysis  of 
the  control  of  plant  growth  is  very  difficult.  Livingston  and  McLean  sug- 
gest that  the  rate  of  growth  of  any  plant  is  itself  an  expression  of  the  summa- 
tion of  all  the  effects  of  the  external  conditions  acting  during  the  growing 
period,  and  that  a standard  plant  may  be  employed  as  an  automatically  weight- 
ing, integrating,  and  recording  instrument  for  the  comparative  measurement 
of  environmental  conditions  as  these  are  effective  in  growth  control.  Thus 
several  environments  may  be  measured  and  compared  in  terms  of  their  sev- 


6 Livingston,  B.  E.,  and  McLean,  F.  T.  A living  climatological  instrument.  Science  43:  362.  1916. 
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Fro.  1.  Chart  of  Maryland,  showing  locations  of  stations  employed  for  soy-bean  cultures  and  climatic  observations.  (After  McLean.) 
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eral  capacities  for  producing  growth  in  the  standard  plant.  This  method  of 
measuring  the  environmental  complex  in  terms  of  plant  growth  can  be  applied, 
of  course,  only  when  it  may  be  assumed  that  all  the  standard  plants  are  alike 
at  the  beginnings  of  the  several  periods  of  exposure.  In  this  study  the  re- 
quirement just  stated  was  fulfilled  by  employing  the  seed  as  the  starting  point 
for  the  plants  of  the  various  cultures.  It  was  apparent  that  if  the  cultures 
were  always  started  from  the  seed,  the  plants  might  be  considered  as  more 
nearly  alike  at  the  beginning  of  the  several  culture  periods  than  would  have 
been  the  case  if  an  attempt  had  been  made  to  obtain  like  plants  in  any  other 
phase  of  their  development. 

Growth  rates  were  measured  and  compared  in  terms  of  size  and  weight  of 
the  plants.  Each  culture  consisted  of  six  plants  grown  for  a period  of  four 
weeks  from  the  seed.  Cultures  were  started  approximately  every  two  weeks 
during  the  growing  season,  at  each  of  the  stations  employed,  and  growth 
measurements  were  made  after  about  two  weeks  and  again  after  about  a 
month.  The  plants  were  harvested  at  the  end  of  the  longer  period. 

As  in  other  problems  in  which  a number  of  conditions  enter  into  the  control 
of  a process,  the  relations  between  conditions  and  process  rate  are  more  easily 
detected  the  smaller  is  the  number  of  conditions  involved,  and  conditions 
may  be  temporarily  left  out  of  consideration  if  they  are  the  same  in  several 
experiments.  Just  as  the  internal  conditions  of  the  standard  plant  at  the 
start  of  the  experiment  are  left  out  of  the  argument  by  the  simple  device  of 
having  them  all  alike  at  the  beginning  of  the  exposure  period  (the  instrument 
being  thus  set  at  the  zero  of  its  scale,  in  the  words  of  Livingston  and  McLean), 
so  selected  conditions  of  the  surroundings  may  be  left  out  of  consideration  by 
having  them  alike  throughout  all  of  the  periods.  According  to  this  principle, 
most  of  the  environmental  conditions  that  acted  on  the  plants  below  the  soil 
surface  were  kept  nearly  the  same  for  all  times  and  at  all  stations.  Assuming 
that  this  artificial  control  of  the  subterranean  environmental  conditions  kept 
them  practically  constant,  the  differences  observed  in  the  growth  rates  of 
the  standard  plants  were  taken  to  be  related  almost  entirely  to  the  aerial 
conditions  of  the  surroundings.  These  are  the  ones  referred  to  by  McLean 
as  climatic,  and  this  term  will  be  used  with  the  same  meaning  in  the  present 
paper.  To  accomplish  this  control  of  the  subterranean  conditions,  the  soil 
was  always  the  same  at  the  beginning  of  all  cultures  and  its  moisture  content 
was  generally  kept  approximately  the  same  throughout  all  culture  periods, 
by  means  of  the  Livingston  auto-irrigator.  This  arrangement  and  its  opera- 
tion have  been  described  by  McLean  and  will  also  receive  some  attention 
below. 

While  several  different  plant  species  were  employed  throughout  the  experi- 
mental work,  the  present  paper  deals  only  with  the  data  obtained  from  soy- 
bean. A variety  of  this  plant  called  “ Peking/’  was  used.  The  seed  was  of 
pure  strain  obtained  from  the  1913  crop  of  the  Maryland  Agricultural  Experi- 
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ment  Station.  All  the  seeds  were  first  treated  with  carbon  bisulphide  vapor 
for  one  week,  to  destroy  insects,  after  which  they  were  placed  in  paraffined 
paper  cylinders  with  tight-fitting  covers  and  stored  until  ready  for  use. 

A rather  light  soil,  of  the  type  classified  as  Norfolk  Sand  by  Bonsteel,7 
obtained  from  an  untilled  field  near  College  Park,  Maryland,  was  used  in 
all  of  the  plant  cultures.  This  soil  was  chosen  for  three  reasons:  first,  its 
water-holding  power  is  comparatively  low,  so  there  was  little  danger  of  long- 
continued  excessive  water-logging  after  a rain ; second,  it  was  not  a very  fertile 
soil  and  yet  was  capable  of  giving  good  growth  under  favorable  climatic  con- 
ditions; and  finally,  it  was  conveniently  obtained.  The  method  of  obtaining 
it  was  to  remove  the  top  soil  to  a depth  of  15  cm.  from  a small  area  of  the 
field.  This  top  soil  was  then  thoroughly  mixed,  sifted,  and  placed  in  cloth 
sacks  for  shipment  to  the  various  stations  where  it  was  stored  in  air-dry 
condition  in  covered,  water-tight,  galvanized  iron  cans  until  needed  for  use 
in  the  cultures.  The  soil  containers  for  the  cultures  were  ordinary  “6  inch” 
porous  clay  flower-pots,  in  form  like  the  frustrum  of  a cone,  being  smaller  at 
the  bottom,  and  of  a cubic  capacity  of  approximately  1980  cc. 

In  order  to  secure  uniform  soil  conditions  in  the  various  cultures,  it  was 
necessary,  not  only  that  the  soil  should  be  of  the  same  character  in  all  of 
them,  but  also  that  it  should  be  brought  into  the  same  physical  condition  for 
the  beginning  of  all  cultures.  Furthermore,  it  was  desirable  that  this  physical 
condition  be  such  that  it  might  be  retained  with  as  little  change  as  possible 
during  the  growth  periods  of  the  plant.  To  put  the  soil  into  a state  of  aggre- 
gation to  be  least  altered  by  varying  weather  conditions  (especially  heavy 
rains  which  pack  it  more  or  less)  it  was  saturated  with  water  immediately 
after  being  put  into  pots.  This  was  accomplished  by  plunging  the  filled 
pots  into  a bucket  of  water  and  allowing  them  to  remain  submerged  until 
air  bubbles  ceased  to  rise.  The  pots  were  then  drained  and  a two-week  inter- 
val was  allowed  to  intervene  before  the  seeds  were  planted. 

The  soil  moisture  in  the  cultures  was  maintained  always  above  a certain 
minimum  by  means  of  auto-irrigators.8  This  device,  as  here  used,  consisted 
of  two  cylindrical  porous  clay  cups  (of  the  regular  form  supplied  by  the  “ Plant 
World”)  connected  with  each  other  and  with  a water  reservoir  by  glass  tubes 
each  having  the  form  of  an  inverted  J.  The  cups  were  placed  vertically  in 
the  pot,  their  rubber-stoppered  tops  level  with  the  soil  surface,  and  were  so 
arranged  as  to  supply  water  to  the  soil  against  a pressure  of  35  cm.,  or  some- 
what more,  of  a water  column.  The  moisture  content  of  the  soil  was  thus 
maintained  so  that  it  was  never  less  than  about  10  or  11  per  cent  on  the  basis 


7 Bonsteel,  J.  A.  The  Soils  of  Prince  George’s  County  [Maryland].  Maryland  Geological  Survey:  Balti- 
more, 1911. 

8 Livingston,  B.  E.  A method  for  controlling  plant  moisture.  Plant  World  11:  39-40.  1908.  Livingston, 
B.  E.  Auto-irrigation  of  pots  of  soil  for  experimental  cultures.  Carnegie  Inst.  Washington  Year  Book  14:  76. 
1916. 
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of  dry  weight.  With  this  water  content  this  particular  soil  was  rather  too 
wet  than  too  dry  for  the  best  growth  of  the  plants. 

After  preparing  the  pots  and  arranging  the  watering  devices  the  pots  were 
allowed  to  remain  fallow  for  about  two  weeks  before  planting,  as  has  been 
mentioned.  Thus  the  soil  was  fully  drained  after  the  preliminary  saturation 
and  had  settled  into  a condition  somewhat  approaching  that  of  structure 
equilibrium,  before  the  seeds  were  planted.  The  seeds  were  placed  2.5  cm. 
deep,  six  seeds  in  each  pot.  Care  was  taken  to  space  them  uniformly  from 
each  other,  from  the  auto-irrigator  cups  and  from  the  sides  of  the  pots,  so 
that  all  should  have,  as  nearly  as  possible  under  the  general  conditions  of  the 
experiments,  the  same  soil  moisture  conditions.  When  the  plants  were 
removed  from  a pot  (about  six  weeks  after  that  pot  had  been  filled)  the  soil 
was  discarded  and  fresh  soil  from  the  stored  supply  was  used  in  refilling  for  the 
next  following- culture. 

THE  OBSERVATIONAL  DATA  AND  THE  AVERAGES  DERIVED 

FROM  THEM 

The  Plant  Measurements 

The  first  plant  measurements  were  made  after  approximately  two  weeks  of 
growth  from  the  seed.  At  that  time  the  length  of  each  leaflet,  from  the  tip 
to  the  junction  of  blade  and  petiole,  was  determined,  as  was  also  the  greatest 
width  of  each  leaflet,  measured  at  right  angles  to  the  long  axis.  The  height 
of  each  plant  was  also  measured,  from  the  soil  surface  to  the  base  of  the  termi- 
nal bud.  At  the  end  of  approximately  four  weeks  of  growth  the  height 
measurement  was  repeated,  after  which  the  plants  were  cut  off  at  the  soil 
surface  and  photographic  prints  were  prepared  of  the  fresh  leaves.  By 
means  of  these  leaf-prints  the  leaf  area  (one  side)  was  afterwards  determined 
planimetrically,  for  each  leaf  and  for  each  plant.  Finally,  the  dry  weight  of 
tops  for  each  culture  was  determined.  All  linear  measurements  were  made 
to  the  nearest  millimeter,  areal  measurement  to  the  nearest  0.1  sq.  cm.,  and 
weight  measurements  to  the  nearest  0.01  g. 

For  convenience,  these  five  kinds  of  observational  data  on  growth  rates  are 
summarized  below. 

After  about  2 weeks  of  growth: — 

(1)  Stem,  height,  millimeters. 

(2)  Length  and  breadth  of  all  leaflets,  millimeters. 

After  about  4 weeks  of  growth: — 

(1)  Stem  height,  millimeters. 

(2)  Leaf  area  (one  side),  square  millimeters. 

(3)  Dry  weight  (of  tops),  milligrams. 
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Of  course  the  growth  data  obtained  by  actual  observation  require  averag- 
ing in  some  way  so  as  to  represent  the  various  periods  throughout  the  season. 
The  ordinary  method  of  averaging  was  applied  in  all  cases,  but  the  observa- 
tional data  for  leaflet  dimensions  required  special  preliminary  treatment. 
The  two  dimensions  derived  from  the  measurements  were  multiplied  together 
for  each  leaflet,  giving  the  leaflet-product  and  these  products  were  summed  to 
give  the  total  leaf-product  of  each  plant.  As  McLean  pointed  out,  the  mean 
daily  rate  of  increase  in  total  leaf-product  for  a period  of  4 weeks  is  very  nearly 
proportional  to  the  corresponding  rate  of  increase  in  actual  leaf  area,  and  it 
seems  safe  to  suppose,  as  McLean  did,  that  the  2-week  leaf-product  values 
may  be  regarded  as  indices  of  increase  in  the  area  of  the  leaves.  These 
product  values  are  therefore  used,  for  the  2-week  periods  of  this  study,  as 
indicators  of  the  rates  of  leaf  expansion.  Leaf  areas  were  of  course  not  deter- 
mined for  the  2-week  periods,  although  they  are  available  for  the  4-week 
periods. 

There  were  six  plants  started  in  each  culture,  but  in  many  cases  the  num- 
ber of  plants  from  which  records  were  actually  taken  was  less  than  six  (it 
was  never  less  than  three  and  was  usually  four  or  five  in  such  cases),  on  account 
of  noticeable  injury  due  to  other  conditions  than  the  ones  here  studied,  such 
as  insect  attack,  etc.  All  plant  data  have  therefore  been  reduced  to  averages 
per  plant.  Also,  in  many  cases  the  length  of  the  period  differed  slightly  from 
14  days  for  the  2-week  periods,  and  from  28  days  for  the  4-week  periods,  and 
the  averages  per  plant  have  consequently  been  expressed  as  mean  daily  values 
for  the  respective  periods.  This  method  renders  the  plant  measurements  for 
the  different  periods  more  strictly  comparable.  It  should  be  noted,  however, 
that  the  growing  periods  were  14  and  28  days  long  in  the  majority  of  cases, 
and  that  variations  in  the  length  of  the  culture  period  were  slight.  Consid- 
ering the  2-week  and  4-week  plant  values  as  measures  of  the  results  of  plant 
processes  acting  through  these  periods,  the  mean  daily  values  represent  mean 
daily  increments  or  process  rates,  and  they  will  be  termed  “ daily  increments,” 
for  their  respective  periods,  in  the  discussion  that  follows.  Thus,  for  a 
plant  10  cm.  high  at  the  end  of  a 13-day  period,  10/13  (or  0.77)  cm.  is  regarded 
as  the  mean  daily  increment  of  increase  in  height,  for  that  period.  Letting 
the  word  growth  represent  the  particular  process  to  which  the  given  kind  of 
measurement  refers  (as  increase  in  height,  increase  in  leaf  area,  etc.),  these 
may  be  spoken  as  growth  increments. 

The  mean  daily  growth  increments,  and  also  the  mean  daily  climatic 
values,  for  the  respective  periods  have  been  expressed  in  terms  of  the  corre- 
sponding average  of  all  the  periods  considered,  for  all  exposed  stations.  This 
procedure  renders  all  the  values  directly  comparable.  To  obtain  this  unit 
for  any  kind  of  value,  all  of  the  corresponding  values  (as  all  2-week  daily 
mean  increments  in  height,  for  example,  for  all  exposed  stations)  were  summed 
and  the  sum  was  divided  by  the  number  of  values  summed.  Then  each  indi- 
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vidual  value  was  divided  by  the  unit  thus  obtained.  The  data  were  expressed 
as  these  ratio  values,  which  will  be  termed  relative  values  in  the  following 
discussion.  To  avoid  decimals,  these  relative  values  have  all  been  multiplied 
by  100,  and  are  thus  given  in  the  tables  and  in  the  text  of  this  paper.  The 
absolute  magnitude  of  the  unit  used  for  expressing  each  kind  of  value  is  of 
course  not  important;  it  is  essential  only  that  all  comparative  values  be  ex- 
pressed in  terms  of  the  same  unit.  The  unit  here  employed  represents  in 
every  case  simply  the  average  of  all  similar  quantities  that  are  used  in  the 
present  study.  If  another  station  had  been  employed,  or  if  the  season  had 
been  longer  or  shorter  at  any  station,  the  values  of  these  comparative  units 
would  have  been  different.  The  magnitudes  of  these  units  thus  depend  to 
some  extent  upon  the  climatic  conditions  encountered  at  the  various  stations 
in  the  summer  of  1914,  to  some  extent  upon  the  number  and  location  of  the 
stations,  to  some  extent  upon  the  nature  of  the  soil  used  in  this  investigation, 
and  to  some  extent  upon  the  physiological  nature  of  the  soy-bean  plant. 
The  actual  values  of  the  various  growth  units  are  given  below. 

For  first  2 weeks  of  growth  from  seed 

Average  daily  increment  of  stem  height  per  plant,  3.56  mm. 
Average  daily  increment  of  leaf-product  per  plant,  112.0  sq.  mm. 

For  first  4 weeks  of  growth  from  seed 

Average  daily  increment  of  stem  height  per  plant,  3.20  mm. 
Average  daily  increment  of  leaf  area  per  plant,  122.0  sq.  mm. 
Average  daily  increment  of  dry  weight  (of  tops)  per  plant,  6.29  g. 

The  use  of  the  relative  values  described  above  simplifies  the  plotting  of 
the  graphs  upon  which  interpretation  of  such  a study  as  this  so  largely  de- 
pends. It  also  renders  possible  a direct  comparison  between  the  values  for 
any  two  cultures  irrespective  of  their  dates  or  stations.  Furthermore,  it  is 
possible  to  tell  from  the  magnitude  of  the  relative  value  for  any  culture  the 
extent  to  which  the  plant,  or  climatic,  measurement  under  consideration 
departs  from  the  mean  of  that  measurement  for  all  the  cultures  of  the  study. 

To  obtain  the  original  or  absolute  plant,  or  climatic,  value  from  a given 
relative  value,  it  is  necessary  only  to  reverse  the  arithmetical  procedure  by 
which  the  relative  value  was  derived.  For  example,  suppose  it  is  desired  to 
get  the  actual  mean  daily  rate  of  increase  in  leaf-area  per  plant  for  the  four- 
week  period  ending  September  2,  and  for  the  station  at  Coleman.  The  relative 
value  given  in  the  table  is  108.  The  first  operation  is  to  divide  by  100,  which 
gives  1.08  as  the  true  relative  value.  The  average  daily  increment  in  leaf 
area  per  plant,  for  the  period  and  station  in  question,  was  therefore  1.08  times 
the  value  of  the  common  unit  employed  for  comparing  the  rates  of  increase 
in  leaf  area.  Multiplying  this  unit  value  (122  sq.  mm.,  as  given  above),  by 
1.08  gives  132.0  sq.  mm.  as  the  actual  mean  daily  increment  required.  To 
obtain  the  average  total  leaf  area  per  plant  at  the  end  of  the  period  in  ques- 
tion, we  multiply  132.0  sq.  mm.  by  the  number  of  days  in  the  period  (28  in  this 
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case)  and  get  3698  sq.  mm.  Since  there  were  5 plants  measured  in  this  cul- 
ture, the  total  leaf  area  for  the  entire  culture  at  the  end  of  the  period  is  ob- 
tained by  multiplying  3698  sq.  mm.  by  5,  which  gives  18490  sq.  mm.  or  184.9 
sq.  cm.,  which  is  the  actual  areal  value  determined  from  the  prints  of  these 
leaves.  All  of  the  original  absolute  values  may  be  obtained  from  the  rela- 
tive ones  in  a similar  manner.  It  is  of  course  evident  from  the  above  de- 
scription of  the  manner  in  which  the  relative  values  have  been  derived  that 
they  are  proportional  to  the  corresponding  absolute  values.  In  all  subsequent 
discussion,  when  plant  (and  also  climatic)  values  are  referred  to,  it  will  be 
understood  that  these  are  the  relative  values  rather  than  the  absolute  ones. 

As  in  the  case  of  the  observational  data,  the  five  kinds  of  derived  growth 
values  used  in  this  study  are  listed  below,  for  convenience. 

After  about  2 weeks  of  growth  from  seed 

(1)  Relative  mean  daily  increment  of  stem  height  per  plant. 

(2)  Relative  mean  daily  increment  of  total  leaf-product  per  plant. 

After  about  4 weeks  of  growth  from  seed 

(1)  Relative  mean  daily  increment  of  stem  height  per  plant. 

(2)  Relative  mean  daily  increment  of  total  leaf  area  per  plant. 

(3)  Relative  mean  daily  increment  of  dry  weight  (tops)  per  plant. 

The  Climatic  Measurements 

The  weather  observations  taken  by  the  cooperative  observers  at  the  sev- 
eral stations  here  employed  consisted  of  daily  readings  of  maximum  and 
minimum  thermometers,  daily  ocular  observations  of  cloudiness,  daily  meas- 
urements of  rainfall,  and  general  notes  as  to  storms,  wind,  etc.  The  records 
of  the  Baltimore  office  of  the  Weather  Bureau  were  used  for  the  Baltimore 
stations.  In  addition  to  these  records  of  the  weather  observers,  evaporation 
was  measured  by  means  of  Livingston  standardized  cylindrical  porous  cups 
with  non-rain  absorbing  mountings.9  Of  the  five  sets  of  climatic  observa- 
tions mentioned  above,  only  three  will  be  considered  in  this  paper;  namely 
those  of  temperature,  fight,  and  evaporation.  As  was  pointed  out  by  McLean, 
rainfall  showed  little  or  no  relation  to  the  growth  of  these  plants,  as  was  in- 
deed to  be  expected,  since  the  soil  moisture  of  the  cultures  was  always  kept 
sufficiently  high  (by  the  auto-irrigafcors)  for  the  needs  of  the  plants.  Also, 
the  miscellaneous  climatological  observations  reported  by  the  weather  observ- 
ers will  not  be  considered  in  this  paper,  since  none  of  them  have  been  found 
to  bear  any  discoverable  relation  to  the  growth  rates  of  these  plants.  The 


•Livingston,  B.  E.  A rain-correcting  atmometer  for  ecological  instrumentation.  Plant  World  13:  79-82. 
1910. — Livingston,  B.  E.,  and  Shive,  J.  W.  The  non-absorbing  atmometer.  Carnegie  Inst.  Washington  Year 
Book  13:  93-94.  1915. — Shive,  J.  W.  An  improved  non-absorbing  porous  cup  atmometer.  Plant  World  18:  7-10. 
1915. — Johnston,  E.  S.  A simple  non-absorbing  atmometer  mounting.  Plant  World  21:  257-260.  1918. — Liv- 
ingston, B.  E.,  and  Thone,  Frank.  A simplified  non-absorbing  mounting  for  porous  porcelain  atmometers. 
Science  52:  85-87.  1920. 
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observational  data  were  obtained  daily  throughout  the  entire  season.  For 
convenience,  these  three  kinds  of  observational  data  on  climatic  conditions 
are  listed  below. 

(1)  Temperature. 

Daily  maximum  and  minimum  air  temperature  (shade),  de- 
grees, Fahernheit. 

(2)  Light. 

Daily  light  condition,  whether  clear,  partly  cloudy,  or  cloudy. 

(3)  Evaporation. 

Daily  evaporation  from  standardized  cylindrical  porous-cup 
atmometer,  cubic  centimeters. 

The  climatic  data,  like  the  plant  data,  require  special  treatment  before 
they  can  be  used  in  such  a study  as  this.  How  the  mean  values  for  the 
various  periods  were  secured  from  the  observational  data  will  be  described, 
for  each  of  the  three  kinds  of  climatic  measurements,  in  the  following  sections. 

TEMPERATURE 

It  is  clear  that  the  readings  of  a thermometer  do  not  express  the  effective- 
ness of  various  degrees  of  temperature  to  accelerate  or  retard  plant  growth, 
and  it  therefore  becomes  desirable  to  replace  the  actual  thermometer  readings 
by  a series  of  weighted  values,  more  or  less  directly  proportional  to  the  tem- 
perature effect  upon  the  growth  of  plants.  Owing  to  lack  of  information  of 
a quantitative  nature  as  to  the  relation  between  plant  growth  and  environ- 
mental temperature,  this  can  be  accomplished  only  in  a tentative  and  approxi- 
mate way  at  the  present  time.  • 

The  observational  data  for  temperature  were  all  obtained  from  maximum 
and  minimum  thermometers  read  daily  at  sunset,  these  data  being  taken 
from  the  published  monthly  reports  of  the  U.  S.  Weather  Bureau.10  The 
mean  temperature  for  each  day  was  determined  by  averaging  the  maximum 
and  minimum  for  that  day.  McLean  has  discussed  some  of  the  ways  in 
which  daily  maximum  and  minimum  temperature  data  may  be  treated  in 
order  to  obtain  weighted  values  that  may  tentatively  represent  temperature 
effects  upon  plant  growth  rates.  He  emphasizes  the  fact  that  temperature 
values,  as  shown  by  a thermometer,  do  not  show  a linear  proportionality  to 
plant  growth.  If  thermometer  readings  might  be  taken  as  expressing,  even 
in  an  approximate  way,  the  effectiveness  of  temperature  to  produce  plant 
growth,  such  a relation  could  only  be  true  up  to  the  optimum  temperature, 
since  beyond  this  point  increased  temperature  results  in  decreased  growth.  It 
would  therefore  be  desirable  to  replace  each  thermometer  reading  by  an 
index  representing  the  effectiveness  of  that  particular  temperature  for  plant 

10  Fassig,  O.  L.  Climatological  data,  Maryland  and  Delaware  Section.  May  to  November,  inclusive.  U.  S 
Weather  Bureau.  1914. 
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growth.  Three  ways  of  doing  this,  all  of  which  have  been  considered  by 
McLean,  may  receive  brief  mention  here. 

(1)  One  way  of  expressing  temperature,  which  has  been  used  in  ecological 
studies,  has  been  called  the  remainder-summation  method.  This  is  based  on 
the  supposition  that  the  growth  activities  of  most  plants  stop  when  the 
temperature  falls  below  40°  F.11  Above  this  temperature,  growth  increases 
with  increased  temperature,  to  an  optimum.  For  convenience,  the  growth 
rate  for  40°F.  may  be  considered  as  unity:  then  it  should  be  2 for  41°,  5 for 
44°,  20  for  59°,  etc.  If  we  subtract  39°  from  any  given  temperature,  the 
remainder  will  represent,  according  to  this  method,  the  efficiency  of  the  given 
temperature  for  producing  growth.  A total  efficiency  value  for  any  period 
of  time,  such  as  the  4-week  growth  periods  of  these  studies,  may  be  obtained 
by  subtracting  39°  from  each  daily  mean  temperature  and  summing  the 
remainders  for  the  period,  thus  obtaining  the  remainder  summation. 

(2)  Another  method  of  weighting  temperature  values  for  the  purpose 
before  us,  and  one  that  apparently  has  a somewhat  more  rational  basis,  was 
suggested  by  Livingston  and  Livingston.12  They  proposed  a series  of  tem- 
perature-efficiency indices  based  on  the  van’t  Hoff-Arrhenius  law,  which 
states  that  the  velocity  of  many  chemical  reactions  approximately  doubles 
with  a rise  in  the  temperature  of  10°C.  (18°  F.).  If  it  is  assumed  that  the 
growth  rate  for -plants  follows  this  law  above  40°  F.,  at  which  temperature 
the  rate  is  taken  to  be  unity,  a series  of  values  representing  temperature 
efficiencies  for  higher  temperatures  may  be  derived.  When  this  scheme  is 
used,  the  efficiency  value  for  any  temperature  is  represented  by  the  value  of 
the  index  that  corresponds  to  the  temperature  value  itself.  Assuming  the 
growth  rate  to  be  unity  for  a temperature  of  40°  F.,  it  should  be  1.21  for  a 
temperature  of  45°,  2.0  for  58°,  etc.  These  indices  are  called  by  Livingston 
and  Livingston  “ exponential  indices,”  and  they  have  published  a table  of 
these  values. 

Since  most  of  the  temperatures  with  which  we  have  to  deal  are  below  the 
optimum  for  plant  growth,  since  temperature  and  the  growth  rate  are  related 
in  an  approximately  linear  manner  between  40°  F.  and  the  optimum  (about 
90°  F.),  and  since  both  the  exponental  and  remainder  series  of  index  values 
increase  in  a nearly  linear  way  throughout  this  range,  both  of  the  methods 
just  considered  give  temperature  efficiency  numbers  that  are  more  or  less 
approximately  proportional  to  plant  growth  as  it  is  influenced  by  tempera- 
tures between  these  limits.  It  is  obvious,  however,  that  neither  of  these 
methods  can  properly  express  efficiencies  for  temperatures  above  the  optimum, 

11  The  temperature  data  of  this  paper  are  all  expressed  in  terms  of  temperature  degreeson  the  Fahrenheit 
scale,  simply  because  the  observational  data  had  this  old-fashioned  form.  By  retaining  the  Fahrenheit  values 
much  labor  has  been  avoided,  but  it  is  not  to  be  understood  that  the  writer  is  really  as  conserva- 
tive as  this  feature  of  the  paper  might  seem  to  suggest. 

12  Livingston,  B.  E.,  and  Grace  J.  Livingston.  Temperature  coefficients  in  plant  geography  and  clima- 
tology. Bot.  Gaz.  55:  349-375.  1913. 
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since  they  give  numbers  which  continue  to  increase  with  increasing  tempera- 
ture, while  growth  increases  with  increasing  temperature  up  to  the  optimum 
and  then  decreases  with  higher  temperature.  Also,  both  these  methods  give 
results  that  are  approximately  proportional  to  each  other  for  ordinary  sum- 
mer temperatures.  This  fact  has  been  noted  by  Livingston  and  Livingston 
and  again  by  Stevens,13  and  it  is  also  obvious  from  the  climatic  data  given  by 
McLean.  But  it  must  be  remembered  that  these  methods  cannot  be  satis- 
factory excepting  when  the  temperatures  dealt  with  he  mainly  between  40° 
and  90°  F. 

When  the  exponential  indices  are  employed  each  daily  mean  temperature 
for  any  period  is  replaced  by  its  index  and  the  series  of  indices  thus  obtained 
is  summed  for  the  period,  giving  the  exponential  summation. 

(3)  The  third  method  of  expressing  temperature  values  as  they  affect  plant 
growth  has  been  more  recently  suggested  by  Livingston.14  It  is  based  on  the 
results  of  Lehenbauer’s  experiments  with  maize  seedlings.  From  Lehen- 
bauer’s  data,  Livingston  derived  a series  of  coefficients  giving  the  efficiencies 
of  various  temperatures  in  terms  of  the  growth  of  this  plant.  He  has  called 
these  “ physiological  temperature  indices.”  The  growth  rates  upon  which 
the  index  values  were  based  are  those  shown  by  Lehenbauer’s  seedlings  when 
exposed  for  12  hours  to  various  maintained  temperatures,  the  other  condi- 
tions of  the  experiment  being  approximately  the  same  for  all  tests.  Living- 
ston suggests  that,  the  coefficients  thus  derived  from  the  growth  of  maize 
under  controlled  conditions,  with  different  maintained  temperatures,  may 
possibly  express  some  approach  toward  a general  relation  between  plant 
growth  and  temperature  and  may  thus  be  applicable  to  plants  growing  under 
other  conditions.  The  graph  of  these  physiological  indices  exhibits  the  same 
direction  of  slope  between  a low  temperature  and  the  optimum  as  do  the  graphs 
of  temperature  efficiencies  derived  by  the  other  two  methods,  but  for  this  por- 
tion of  the  temperature  range  the  slope  of  the  graph  of  physiological  indices  is 
generally  steeper  than  that  of  the  graph  of  remainder  indices,  the  latter  graph 
itself  having  a much  steeper  slope  than  that  of  the  exponential  indices.  This 
is  shown  by  Livingston  and  also  by  Stevens,  in  the  papers  cited  above. 
Since  they  are  derived  from  the  actual  growth  rates  of  a plant,  the  physiological 
temperature  indices  appear  to  have  a more  rational  basis  than  either  the 
remainder  or  the  exponential  indices.  For  this  reason,  and  for  others  that 
will  appear  below,  physiological  indices  have  been  used  in  this  study  for  ex- 
pressing the  temperature  values  as  they  are  to  be  compared  with  the  plant 
growth-rates. 

13  Stevens,  Neil  E.  Influence  of  temperature  on  the  growth  of  Endothia  parasitica.  Amer.  Jour.  Bot. 
4:  112-118.  1917. — Idem.  Influence  of  certain  climatic  factors  on  the  development  of  Endothia  parasitica. 
Ibid.  4:  1-33.  1917. 

14  Livingston,  B.  E.  Physiological  temperature  indices  for  the  study  of  plant  growth  in  relation  to  cli- 
matic conditions.  Physiol.  Res.  1:  399-420.  1916. — Lehenbauer,  P.  A.  Growth  of  maize  seedlings  in  relation 
to  temperature.  Physiol.  Res.  1:  247-288.  1914. 
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In  using  the  physiological  temperature  indices  for  the  purposes  of  this 
study,  the  procedure  has  been  as  follows.  Each  daily  mean  temperature  for 
any  period  has  been  replaced  by  its  corresponding  index  (taken  from  Living- 
ston’s table, — 1916)  and  then  all  the  daily  index  values  have  been  summed 
to  give  the  physiological  summation  for  the  period.  This  summation  value 
is  finally  divided  by  the  number  of  days  in  the  given  period. 

Two  other  series  of  temperature  values  are  presented  in  the  tables  of  this 
paper,  but  neither  has  been  found  to  be  as  satisfactory  for  expressing  this 
climatic  condition  as  are  the  physiological-summation  indices.  These  are 
(a)  the  average  daily  mean  temperature  for  each  culture  period  (in  degrees, 
Fahrenheit)  and  (b)  the  remainder-summation  index  for  each  period. 

As  has  been  stated,  the  physiological-summation  indices  for  all  periods 
have  been  represented  as  daily  means,  and  these  have  been  stated  always  as 
relative  values,  in  terms  of  the  general  average  for  all  periods  and  stations. 
The  average  value  used  as  unity  in  expressing  the  relative  index  values  for 
temperature  is  56.39. 

The  following  considerations  may  be  added  to  show  the  reason  for  using 
the  physiological-summation  indices  in  this  study,  secured  as  above  described, 
rather  than  the  remainder-summation  or  exponential-summation  indices. 
It  will  be  necessary  to  anticipate  somewhat  the  discussion  that  is  to  follow 
this  section.  The  three  climatic  conditions  (temperature,  evaporation  and 
light)  each  show  a definite  seasonal  march  for  each  of  the  places  employed  in 
this  study.  The  temperature  rises  from  low  values  in  the  spring  to  a mid- 
summer maximum,  which  is  followed  by  a subsequent  fall  to  low  autumnal 
values.  On  the  other  hand,  the  values  representing  light  and  evaporation 
both  decrease,  in  general,  throughout  the  season.  If,  now,  a generalized 
curve  representing  the  growth  of  the  plants  be  drawn,  employing  average 
values  to  represent  all  the  stations  together,  and  plotting  them  as  ordinates 
with  the  dates  of  the  middles  of  the  periods  as  abscissas,  such  a growth  curve 
follows  the  seasonal  march  of  temperature  and  shows  only  secondary  varia- 
tions as  related  to  the  other  two  climatic  indices.  The  growth  of  the  plants 
is  thus  apparently  determined  mainly  by  temperature.  Obviously,  also,  the 
seasonal  march  of  the  temperature  values  must  show  the  same  general  form 
of  curve  no  matter  what  scheme  is  used  in  expressing  temperature  efficiency. 
In  view  of  these  facts,  and  in  consideration  of  the  general  comparative  pur- 
pose of  the  present  study,  a method  should  be  used,  for  expressing  tempera- 
ture efficiency,  that  gives  a seasonal  march  of  the  efficiency  values  in  accord 
with  the  corresponding  march  of  generalized  plant  growth.  Of  the  three 
methods  mentioned,  the  physiological-summation  index  fulfills  this  require- 
ment best,  and  this  has  accordingly  been  selected  for  use  throughout  the 
entire  study,  as  has  been  said. 

An  examination  of  the  plant  and  climatic  graphs  (to  be  considered  later) 
shows  that  the  plant  values  for  most  of  the  stations  rise  above  the  temperature 
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efficiency  values  in  the  middle  of  the  season,  and  fall  below  them,  at  its  end. 
This  is  probably  due  in  part  to  the  effect  of  light  and  evaporation  but  it  may 
also  be  related  to  an  inadequacy  of  the  temperature  efficiency  values  to  repre- 
sent the  actual  effect  of  temperature  on  the  growth  of  these  plants.  It 
appears  to  be  at  least  suggested  that  the  actual  temperature  efficiency  values 
for  these  soy-bean  plants  increase  more  rapidly  with  increase  in  the  tempera- 
ture itself,  for  the  range  here  encountered  (between  40°  and  85°  F.),  than  to 
the  physiological  index  values  derived  from  Lehenbauer’s  study  of  maize 
seedlings.  This  whole  question  deserves  much  more  experimental  study. 
It  is  a surprising  fact  that  we  have  available  only  a single  thoroughgoing  in- 
vestigation (Lehenbauer’s)  of  the  relation  of  temperature  to  the  growth  of 
higher  plants,  in  spite  of  the  fact  that  the  primary  importance  of  the  tem- 
perature control  of  growth  is  obvious  to  every  observer  and  has  long  been 
qualitatively  appreciated.  A comparison,  for  any  of  the  stations  employed, 
of  the  range  of  growth  values  for  the  plants  with  the  remainder-summation 
values  for  temperature  (which  are  practically  equivalent  to  the  exponential- 
summation  values  in  this  study)  and  with  the  physiological-summation  in- 
dices will  furnish  evidence  for  the  verification  of  these  statements.  The 
graphs  of  the  phj^siological-summation  indices  of  temperature  efficiency  show 
much  steeper  slopes  than  do  the  corresponding  graphs  derived  from  the  other 
two  kinds  of  temperature  indices  mentioned  above,  however,  so  that  the  physi- 
ological indices  are  evidently  more  suitable  to  represent  temperature  effici- 
encies than  are  either  of  the  other  two  kinds  of  indices. 

light 

The  only  records  of  light  conditions  that  were  available  for  all  of  the  sta- 
tions of  this  study  were  the  daily  ocular  estimates  of  cloudiness  obtained  by 
the  weather  observers,  and  these  alone  were  used.  To  make  use  of  these 
estimates  it  was,  of  course,  first  necessary  to  bring  the  daily  percentages  of 
clear  sky  together  for  each  culture  period,  so  as  to  derive  for  each  period  a 
single  value  that  might  be  taken  to  represent  the  intensity  of  the  light  condi- 
tion for  that  period.  The  method  employed  to  accomplish  this  is  presented 
below.15 

The  total  heat  equivalent  of  the  actual  sunshine  for  any  given  period  at  a 
given  station  is  primarily  a function  of  three  terms:  (1)  the  maximum  possible 
number  of  hours  of  sunshine  (determined  by  latitude  and  season);  (2)  the 
mean  daily  intensity  of  full  sunshine  for  the  period  and  station,  which  may 
be  expressed  in  terms  of  units  of  heat  received  per  unit  of  a horizontal  sur- 
face; (3)  the  condition  of  the  sky,  whether  overcast,  partly  overcast  or  clear. 
The  daily  values  for  the  first  two  of  these  terms  vary  in  a regular  manner 

15  The  presentation  of  this  method  is  here  practically  the  same  as  that  previously  published.  See:  Hilde- 
brandt,  F.  M.  A method  for  approximating  sunshine  intensity  from  ocular  observations  of  cloudiness.  Johns 
Hopkins  Univ.  Circ.,  March,  1917. 
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throughout  the  year  for  any  given  place,  and  the  ones  for  the  third  term  are 
roughly  stated  in  the  observer’s  records,  as  just  mentioned. 

The  first  two  terms  are  combined  in  the  ordinates  of  the  graph  given  by 
Kimball16  for  the  maximum  possible  total  radiation  received  per  day  at 
Mount  Weather,  Virginia.  Since  this  station  is  at  about  the  same  latitude 
as  the  stations  here  dealt  with,  the  ordinates  from  Kimball’s  graph  may  be 
taken  as  approximate  measures  of  the  total  maximum  possible  light  intensi- 
ties for  the  corresponding  dates  for  all  of  the  Maryland  stations.  These 
values  represent  the  total  amount  of  heat  received  from  the  sun  and  sky  on 
clear  days  at  Mount  Weather,  in  gram-calories  per  square  centimer  of  a hori- 
zontally exposed  surface.  The  method  of  using  this  graph  along  with  the 
weather  observer’s  reports,  for  estimating  sunshine  intensity  for  any  station 
and  period,  will  be  best  shown  by  an  example.  Suppose  it  is  desired  to  esti- 
mate the  average  daily  sunshine  intensity  for  some  station  in  the  general 
region  of  Mount  Weather,  for  the  first  week  of  August.  The  average  ordi- 
nate value  for  this  week  is  first  obtained  from  Kimball’s  graph.  For  periods 
as  short  as  a week  or  two  this  may  be  done  by  averaging  the  values  for  the 
first  and  last  days  of  the  period,  since  the  curve  may  be  taken  as  a straight 
line  for  such  short  intervals.  The  ordinate  values  for  August  1 and  August 

7 are and , and  their  average  is . From  the  report  of 

the  weather  observer  at  the  place  in  question,  the  number  of  clear,  partly 
cloudy,  and  cloudy  days  is  next  determined  for  the  days  August  1 to  August 
7,  inclusive,  and  some  arbitrary  weighting  is  given  to  each  kind  of  day.  This 
was  done  in  the  present  instance  by  regarding  days  reported  “clear”  as  days 
of  full  sunshine,  those  reported  “partly  cloudy”  as  half  days  of  sunshine, 
and  those  reported  “cloudy”  as  without  any  sunshine.  The  same  scheme 
of  weighting  must  of  course  be  adhered  to  in  all  the  estimates  used  for  com- 
parative purposes  in  any  discussion.  Suppose  there  were  2 clear  days,  3 half- 
cloudy  days  and  2 cloudy  days.  By  summing  these  values  as  2,  1.5  and  0, 
we  obtain  3.5,  representing  the  equivalent  number  of  wholly  clear  days  for 
the  period  considered.  Now,  3.5  is  0.5  of  the  total  number  of  days  in  the 
week  period,  and  the  latter  value  may  be  termed  “the  coefficient  of  clear 
weather.”  By  multiplying  the  average  daily  intensity  value  for  clear  days, 

, (obtained  by  the  use  of  Kimball’s  graph)  by  this  coefficient  of  clear 

weather  (0.5)  we  obtain g.-cal.  as  a rough  approximation  of  the 

average  daily  sunshine  index  for  the  week. 

While  it  is  certain  that  solar  radiation  affects  plants  in  other  ways  than 
through  its  heating  effect,  it  is  no  less  certain  that  by  far  the  greater  part  of 
the  energy  of  sunshine  absorbed  by  plants  is  converted  into  heat  (largely  as 
latent  heat  of  vaporization  of  water),  and  it  seems  probable  that  the  other 
effects  produced  upon  the  plant  may  be  more  or  less  proportional  to  the  total 

^ 16  Kimball,  Herbert  H.  The  total  radiation  received  on  a horizontal  surface  from"  the  sun  and  sky  at 

Mount  Weather.  Monthly  Weather  Rev.  42 : 474-487.  1914.  (See  especially  fig.  8,  p.  484.) 
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energy  equivalent  of  sunshine.  This  method  of  deriving  sunshine  indices  is, 
however,  to  be  taken  only  as  a rough  approximation. 

For  each  2-week  and  for  each  4-week  period  of  this  study  an  index  of  sun- 
shine intensity  was  secured  in  the  manner  just  described,  and  each  of  these 
sunshine  values  was  expressed  in  terms  of  the  average  of  all  values  in  the 
series.  The  relative  values  thus  obtained  are  quite  parallel  with  the  other 
relative  values  already  referred  to.  They  are  given  in  the  tables  of  data  and 
the  actual  values  may  be  obtained  from  them  in  a manner  like  that  described 
for  the  plant  values.  The  general  unit  used  in  expressing  these  relative  light 
values  (the  average  daily  sunshine  intensity  for  all  stations  and  for  all  periods) 
is  442  gram-calories  per  square  centimeter  of  horizontal  surface. 

EVAPORATION 

The  evaporating  power  of  the  air  was  measured  as  has  been  said,  by  means 
of  standardized  cylindrical  porous-cup  atmometers,  located  so  as  to  have  about 
the  same  exposure  as  the  plant  cultures.  The  instruments  were  read  at  inter- 
vals of  about  two  weeks,  the  dates  of  reading  being  the  same  as  those  on  which 
observations  were  made  on  the  plants.  After  every  reading  each  atmometer 
cup  was  removed  and  replaced  by  another  that  had  just  been  standardized. 
The  used  cup  was  subsequently  restandardized  so  as  to  detect  any  change  in 
the  coefficient  of  the  cup  consequent  upon  its  exposure.  When  the  restand- 
ardization showed  a change  in  the  coefficient,  the  mean  of  the  original  coef- 
ficient and  the  coefficient  found  upon  restandardization  was  employed  to 
reduce  the  reading  to  the  Livingston  cylindrical  standard.  The  evaporation 
readings  should  therefore  be  directly  comparable  to  other  measurements 
related  to  the  same  standard, 

As  has  been  pointed  out  by  Livingston,17  the  porous-cup  atmometer  is 
somewhat  similar  to  plant  foliage  in  the  way  in  which  its  evaporating  surface 
is  exposed  to  the  surroundings.  It  may  therefore  be  supposed  that  the 
transpiration  from  the  plants  for  any  period  should  be  approximately  propor- 
tional to  the  evaporation  from  the  atmometer,  except  in  so  far  as  the  trans- 
piration rates  may  be  influenced  by  conditions  within  the  plant.  The  work 
of  Briggs  and  Shantz  indicates  that  evaporation  from  small  open  pans  or 
porous  cups  is  influenced  by  the  same  external  conditions,  and  in  about 
the  same  way,  as  is  plant  transpiration,  if  the  comparison  is  made  for  periods 
of  a day  or  more.  Of  course  the  two  rates  do  not  vary  proportionally  within 
the  day  period,  since  the  internal  conditions  of  the  plant  exhibit  a peculiar 
daily  march,  but  with  such  details  this  stud}7  does  not  need  to  deal.  It  has 
been  supposed,  therefore,  that  the  effectiveness  of  the  external  conditions 
to  influence  the  transpiration  rates  of  the  plants  of  this  study  was  approxi- 

17  Livingston,  B.  E.  The  relation  of  desert  plants  to  soil  moisture  and  to  evaporation.  Carnegie  Inst. 
Wash.  Pub.  50.  1906. 
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mately  measured  by  the  corresponding  corrected  evaporation  rates  from  the 
atmometer.  The  atmometer  readings  have  been  reduced,  in  every  case,  to 
mean  daily  rates  for  the  2-week  and  4-week  periods,  and  these  rates  have  been 
taken  as  indices  of  the  evaporating  power  of  the  air  as  it  affected  transpiration 
from  the  plants.  Finally,  all  atmometric  values  have  been  expressed  rela- 
tively, in  terms  of  the  general  average  for  all  stations  and  for  all  periods,  as 
in  the  case  of  the  other  data.  The  general  average  used  as  unity  for  these 
relative  atmometric  values  is  16.2  cc.  per  day. 

The  three  derived  climatic  values  in  this  study  may  be  brought  together 
here,  for  convenience.  The  list  applies  to  the  2-week  as  well  as  to  the  3-week 
series  of  data. 

(1)  Temperature.  Relative  daily  mean  of  the  physiological-summation 
indices  for  the  period. 

(*2)  Light.  Relative  daily  mean  of  calculated  light-intensity  values  for 
the  period,  gram-calories  per  square  centimeter  of  horizontal  surface. 

(3)  Evaporation.  Relative  daily  mean  of  atmometric  indices  for  the  per- 
iod, cubic  centimeters  of  loss  from  the  Livingston  standard  cylindrical  porous 
cup. 

RESULTS  AND  DISCUSSION 
Introductory 

The  discussion  of  the  data  obtained  in  this  study  will  be  devoted  in  part 
to  descriptions  of  the  growth  changes  observed  in  the  plants  at  the  various 
stations,  and  for  the  various  periods  at  each  station,  and  in  part  to  corre- 
sponding descriptions  of  the  climatic  values.  Owing  to  the  complexity  of 
the  problem  and  to  the  number  and  variety  of  the  data  to  be  dealt  with,  it 
has  been  found  necessary  to  depart  frequently  from  a general  logical  order 
and  to  treat  matters  that  seem  to  be  of  seondary  importance  at  greater 
length  than  might  appear  necessary  from  a more  restricted  point  of  view. 
Such  physiological  interpretations  as  are  attempted  in  the  course  of  the 
presentation  of  the  data  are  of  interest  partly  for  their  own  sake,  but  more 
particularly  because  of  the  bearing  they  may  have  on  the  general  problem  of 
the  use  of  standard  plants  for  the  comparative  integration  of  effective  climatic 
complexes.  The  work  here  reported  was  planned  primarily  to  make  a first 
trial  in  the  use  of  standard  plants  in  this  way.  The  discussion  of  the  data 
will  be  presented  more  in  the  form  of  a running  narrative,  with  digressions  at 
many  points,  than  is  ideally  desirable,  but  the  newness  of  this  kind  of  study 
and  the  fact  that  the  fundamental  principles  and  even  the  terms  to  be  em- 
ployed have  yet  to  be  developed,  make  anything  approaching  a true  logical 
sequence  quite  impossible  now. 

The  various  kinds  of  data  to  be  considered  will  be  brought  forward  in  groups 
corresponding  to  their  sources.  The  2-week  plant  data  and  the  2-week  cli- 
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matic  data  for  the  stations  in  the  open  will  first  be  presented,  followed  by  a 
presentation  of  the  4-week  plant  and  climatic  data  for  these  stations.  Sub- 
sequently, a special  discussion  of  the  data  for  the  covered  stations  and  a 
similar  treatment  of  the  data  for  the  forest  station  at  Baltimore  will  be 
given. 

The  relative  numbers,  or  indices,  derived  as  described  above,  are  given  in 
tables  I to  VIII,  together  with  the  dates  of  the  first  and  last  days  of  each 
culture  period  and  other  information,  including  the  length  of  each  period, 
the  number  of  plants  in  each  culture,  etc.  Also,  a set  of  figures  is  presented 
showing  graphically  certain  parts  of  the  information  given  in  the  tables. 
Tables  I to  VIII  give  twenty-six  sets  of  data.  Nine  of  these  sets  (tables  I- 
III)  contain  the  plant  and  climatic  measurements  for  the  2-week  culture 
periods  for  the  exposed  stations,  nine  others  (tables  IV-VI)  give  the  data  for 
the  four-week  culture  periods  for  the  exposed  stations,  six  others  (tables  VII- 
VIII)  give  the  data  for  the  2-  and  4-week  culture  periods  for  the  covered 
stations  at  Oakland,  Baltimore  and  Easton,  and  the  two  remaining  (table 
VIII)  give  the  data  for  the  2-  and  4-week  culture  periods  for  the  Baltimore 
forest  station. 

In  each  of  the  eight  tables  just  mentioned,  the  first  line  gives  the  name 
of  the  place  referred  to,  the  kind  of  culture  period  (whether  2-  or  4-week), 
the  character  of  the  exposure  of  the  plants  (whether  the  station  is  exposed, 
covered,  or  forest,  and  the  dates  of  the  beginning  and  end  of  each  culture 
period.  The  second  line  of  each  table  gives  the  serial  culture  numbers.  These 
numbers  being  assigned  to  the  various  cultures  for  convenience  of  reference. 
When  several  kinds  of  stations  occur  at  one  place,  cultures  of  the  same  num- 
ber cover  approximately  the  same  time  period.  For  instance,  for  Baltimore 
there  is  an  exposed  station,  a covered  station,  and  a forest  station,  and  there 
is  a 2-week  culture  “8”  for  each  of  these  three  stations,  the  dates  for  each 
of  these  being  August  20  and  September  3.  In  some  cases,  culture  periods 
of  the  same  number  for  the  exposed  and  covered  stations  show  a difference 
of  a day  in  the  lengths  of  their  respective  periods  owing  to  the  fact  that  it 
was  impossible  to  take  measurements  on  both  the  exposed  and  covered 
plants  on  the  same  day.  The  third  line  of  each  table  gives  the  length  of  each 
culture  period,  in  days.  The  fourth  line  gives  the  number  of  plants  actually 
used  in  obtaining  the  plant  measurements.  A dash  appearing  in  place  of  a 
relative  value  indicates  that  the  data  necessary  for  calculating  this  value 
are  lacking.  An. asterisk  placed  opposite  a climatic  index  value  shows  that 
this  particular  value  was  not  plotted  in  the  graphs  (to  be  described  later). 
(Points  are  omitted  from  the  climatic  graphs  in  the  case  of  most  cultures 
where  no  plant  data  are  available  for  comparison  with  the  climatic  values.) 
The  remainder  of  the  table  presents  the  relative  plant  and  climatic  values, 
the  derivation  of  which  has  already  been  made  clear.  The  last  column  of 
each  of  the  tables  gives  the  seasonal  averages  for  the  station  considered. 
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TABLE  I 

Two-week  data  for  exposed  stations,  Oakland,  Chewsville  and  Monrovia 


OAK  LAMD 

2-wcek  periods. 
exposed  station. 

1 MAY 

1 23 

J uric 

3 

JUNE 

5 

JUME 

19 

JUNE 

19 

JULY 

JULY 

3 

JULY 

l<3» 

JULY 

16 

JULY 

3» 

JULY 

3» 

AUCi. 

14 

AUG. 

19 

AUG. 

27 

1 AUG. 

27 

3EPT 

12 

SEPT 

SEPT 

25 

AV. 

Culture  number. 

i 

2 

3 

A 

3 

6 

7 

0 

9 

Lenqtb  of’qrowinq  period  , da^s, 

IS 

14 

14. 

IS 

15 

»A 

1 3 

1 <b 

Number  of  plants. 

4 

5 

5 

6 

3 

6 

G 

e 

A 

Ffemainder  summation  index.. 

334 

ssn 

90* 

36^ 

<131 

3o9 

343 

370 

262 

361 

Average  daily  relative  pby siolocjiaal 

temperature  index 

< 'o<o 

( o<d 

05 

re 

97 

67 

64 

66 

43 

69 

Avcraqc  dai  ly  mean  tern  pe  nature,  deq  FT 

65 

64 

60 

for 

60 

<t>3 

£>G 

62 

61 

G*5 

Averaqe  dailu  relative  evaporation 

i ndex.  f 

1 53 

139 

98 

79 

104 

90 

71 

5T 

69 

96 

Averaqeduilu  relative  sunshine- 

i n tensity 

12.2 

122 

109 

103 

1 16 

102 

1 »o 

03 

0i 

lOS 

Ave racjc  dai  ly  relative  increment  in 

stem  beiqnt 

76 

96 

124 

04 

96 

98 

IOI 

S3 

A2 

06 

Average  dailu  relative  increment  in 
leaf  - product- 

- 

SI 

87 

74 

09 

7© 

02 

A6 

- 

7 7 

CMEWSVILLE 

2-weeK  periods. 

EXPOSED  STATION 

MAY 

19 

June 

JUNE 

2 

JUNE 

)6 

JUNE 

16 

JUNE 

30 

JUNE 

30 

juor 

l A 

JULY 

14 

JULY 

20 

JULY 

28 

AUG. 

1 1 . 

AUG. 

AUG- 

25 

AUG. 

25 

SEPT, 

a 

5EPT 

a 

SEPT 

az 

sept. 

22 

OCT. 

7 

OCT. 

7 

OCT. 

20 

AV 

Culture  number 

* 

a 

3 

4 

3 

G 

T 

s 

9 

IO 

1 1 

Lenqtb  of-  qrown  iq  period,  days 

14 

,4 

,4 

14 

|4 

14 

14 

1*4 

i 4 

15- 

13 

Number  of  plants 

G 

(=> 

4 

G 

s 

4 

3 

s 

G 

G 

6 

Remainder  summation  index. 

416 

443 

472 

453 

5 23 

ASO 

SI  7 

436 

302 

320 

301 

422 

Averaqe  daily  relative  pbysioloqioal 
tc  m pe  ratu  re  > nds  x . 

92 

1 06 

1 19 

M2 

>49 

M2 

145 

103 

40 

51 

S3 

90 

Averoqe  daily  mean  temperature,  deq  F 

64 

- 

7 3 

76 

Ti 

76 

TO 

61 

<5i 

G2 

69 

Averaqe  daily  relative  evaporation 
index. 

I lO 

i 15 

» 07 

~15 

>O0 

07 

105 

80 

T9 

73 

64 

9 1 

Averaqe  daily  relative  sunshine 

i n tensity. 

I2i 

129 

116 

>06 

»2i 

94 

90 

67 

104 

73 

4*4 

90 

Averaqe  daily  relative  increment"  in 
stem  heiqhT. 

93 

93 

143 

112 

l 20 

98 

90 

76 

40 

37 

37 

8T 

Averaqe  doily  relative  increment  in 

leaf — product. 

104 

I lO 

137 

90 

139 

127 

IOO 

52 

32 

20 

4 

64 

MOKROV  IA 

2-ujeeh.  periods. 

EXPOSED  STATION 

MAY 

18 

JUNE 

1 

JUNE 

JUNE 

\S 

JUNE 

15 

JUNE 

29 

June 

29 

JULY 

13 

JULY 

13 

JULY 

2.7 

JULY 

27 

AUG. 

IO 

AUG. 

/ 0 

AUG. 

24 

AUG. 

24 

SEPT 

7 

SEP7 

7 

SEP  1 

2J 

5E-FT 

£1 

OCT. 

a 

OCT 

a 

OCT. 

• 9 

/AV. 

Culture  number. 

i 

2. 

3 

4 

3 

6 

7 

e 

9 

IO 

1 1 

Lenqlh  ofqrounnq  period.,  days. 

1 A 

It 

14 

14 

IA 

J A 

IA 

14 

IA 

17 

II 

Number  of  plants 

3 

s 

6 

A 

G 

5 

6 

5 

<b 

G 

6 

Remainder  summation  index. 

44  2 

4S4 

470 

454 

J53G 

4 63 

51  1 

433 

304 

366 

2 62 

437 

Aueraqe  daily  relative  pbqsioloq  ical 
temperature  index. 

105 

HO 

124 

112 

156 

l '7 

144 

105 

59 

53 

59 

104 

Averaqe  daily  mean  temperature. deq  F 

71 

7 1 

73 

7 1 

77 

7Z 

75 

70 

62 

6a 

63 

TO 

Averaqe  daily  relative  evaporation 
> ndex. 

- 

1 46 

152 

93 

H7 

120 

II  z. 

68 

96 

02 

76 

106 

Averaqe  daily  relative  sunshine 
mte  ns  >ty 

152 

122 

104 

102 

» IO 

105 

90 

02 

105 

60 

52 

IOO 

Averaqe  dailq  relative  increment  in 

stem  he-iq  ht 

73 

0i 

121 

96 

115 

90 

107 

76 

20 

67 

25 

79 

Averaqe  daily  relative  increment  m 
lea-f-  product 

66 

90 

no 

83 

138 

109 

104 

112 

6 

56 

4 

80 

Climatic  Conditions  of  Maryland 


363 


TABLE  II 

Two-week  data  for  exposed  stations , College,  Baltimore  and  Darlington 


COLLEGE 

2-weeK  periods. 
exposed  sr-ATiort. 

MAY 

JUNE 

6 

JUNE 

JUNE 

19 

JUNE 

19 

JULY 

3 

JULY 

3 

JULY 

17 

JULY 

17 

JULY 

31 

JULY 

31 

AUG. 

14 

AUG 

14 

AUG. 

21 

AUG 

27 

3EPT 

IO 

5£PI 

to 

3EPT 

25 

S£P1 

25 

OCT. 

IO 

i OCX 

10 

OCX 

24 

>■ 

< 

Culture  number 

2 

3 

4 

* 

7 

*3 

9 

IO 

... 

12 

Le-nqth  of  qrowinq  period, days. 

14 

13 

- 

14 

19 

14 

13 

14 

15 

1 S 

14 

Number  of  plem+s. 

6 

5 

5 

e 

9 

4 

5- 

e 

- 

G> 

6 

Remainder  summation  index. 

54G 

404 

52.6 

494 

520 

494 

470 

449 

376 

-335 

32.7 

1 

450 

Averaqe  da i 1^  relative  phvjsioloqical 
tempo  rota  re  index. 

108 

103 

139 

•34 

146 

133 

143 

115 

67 

50 

53 

108 

Averaqe  dai|\j  mean  temperature, deq.  ff 

71 

70 

76 

74 

76 

74 

76 

7 f 

o4 

6/ 

6 2 

70 

Averaqe  da ikj  relcrhive  evaporation 

i n dcx. 

160 

154 

123 

96 

143 

147 

135 

107 

7e 

34 

©a 

'I? 

Ayeraqe^clai  lsj  relative  sunshine 

- 

- 

- 

- 

- 

- 

- 

- 

Averaqe  aailv  relative  increment  in  II 
stem  heiqlrr 

1 SSL 

1 15 

ne 

124 

ue 

90 

76 

- 

4© 

39 

95 

Averaqe  dail^  relative  increment  in 

leaf  - product 

96 

12.3 

Si 

i-se 

203 

150 

117 

62 

- 

13 

10 

101 

BALTIMORE 

2-  iveeK  periods. 

Exposed  smtiom. 

MAY 

14 

MAY 

29 

MAY 

29 

JUNE 

IO 

JUNE 

IO 

JUNE 

25 

JUNE 

25 

JULY 

9 

JULY 

9 

JULY 

25 

JULY 

£3 

AUG. 

<o 

AUG. 

AUG. 

20 

AUG. 

20 

SEPT 

3 . 

s err 

SEPT 

19 

Left 

r 

|OCT. 

OCT 

OCT. 

14 

Av. 

Culture  number; 

' 

2 

3 

4 

5 

e> 

7 

s 

c; 

IO 

1 ( 

Lenqtb  of  qrowmq  period,  da \fs 

15 

\ 2. 

15 

14 

14 

14 

14 

1 4 

/c> 

1 2 

1“ 

1 

1 

Number  of  plants- 

5 

- 

5- 

e> 

6 

4 

5 

5 

fc> 

5 

! ^ 

Remainder  summation  index. 

4Si 

3 70 

50  6 

489 

546 

506 

S4S 

502 

595 

300 

329 

4 48 

Averaqe  daiiu  relative  pb'js  1 0 loq  1 cal 
temperature1  index. 

97 

99 

1 23 

125 

i<52 

14  0 

160 

l 39 

62 

G 7 

r 

|63 

112 

Averaqe  daiUj  mean,  temperature,  deq  F; 

69 

70 

73 

7© 

70 

IS 

70 

75 

64 

6</ 

o4 

72 

Averaqe  dcnl^  relative  evaporation 

index. 

IZ7 

102 

ns 

©O 

92 

nZ. 

1 IO 

8i 

69 

5© 

64 

93 

Averaqe  dailu  relative  sunshine 
in  tens"rt\). 

137 

39 

10© 

50 

99 

72 

79  . 

74 

©2 

89 

59 

36 

Averaqe  daiixj  relative  increment  m 
stem  heiqtrt. 

93 

- 

I4G 

152 

183 

152 

152 

149 

75 

56 

96 

125 

Averaqe  da'i|>j  relative  increment  in 

leaf  - product 

106 

- 

125 

I6>3 

194 

1 1 O 

233 

130 

54 

22 

49 

119 

DARUPHGTOrs 

2.-cueeK  periods. 

EXPOSED  SfATIOM 

MAY 

15 

MAY 

30 

may 

so 

JUNE 

IS 

JUNE 

13 

JUNE 

26 

JUNE 

26 

JULY 

IO 

JULY 

IO 

JULY 

24 

JULY 

24 

AUG. 

7 

AUG. 

7 

AUG 

21 

AUG 
2 l 

SEPT 

4 

5 EFT 

4 

SEPT 

1© 

sept: 

13 

OCX 

2 

OCT 

OCT 

16 

r- 

Av. 

Culture  number. 

1 

2 

d 

4 

3 

<=> 

r 

3 

9 

10 

1 1 

Leaqth  of  qrowmq  period,  da  \js. 

15 

1 4 

13 

i4 

14 

,4 

14 

14 

14 

• 4 

1 4 

1 

Number  of  plants. 

e 

5 

G 

4 

5 

5 

I - 

*5 

5T 

4 

Remainder  summation  index. 

! 430 

432 

592 

432 

512 

456 

506 

472 

309 

315 

356 

4i© 

Averaqe  dailq  relative  phqsioloqica  1 
tem  pe r atu  re  i n d ex . 

0 7 

99 

94 

90 

149 

1 13 

146 

123 

46 

59 

SA 

9T 

Averaqe  dailij  mean  temperature,  cleq.  f; 

G© 

70 

©9 

70 

76 

72 

76 

73 

<bl 

<52 

05 

69 

Averaqe  daikj  relative  evaporation 

i ndex . 

130 

IZJ 

90 

62 

74 

77 

79 

64 

02 

09 

39 

e 7 

Averaqe  dal  1 m relative  sunshine 
in+ensitq. 

1.54 

129 

92 

77 

Ml 

••• 

1 16 

70 

9® 

96 

43 

100 

Averaqe  dailu  relative  increment"  in 
stem  heiqhT. 

1 IO 

104 

146 

141 

22s 

146 

- 

107 

42. 

43 

59 

..3 

Averaqe  dailq  relati ve  incrementin 
leaf  - prod uot. 

135 

129 

15© 

115 

295 

148 

IO© 

29 

4© 

" 

n© 
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TABLE  III 

Two-week  data  for  exposed  stations,  Coleman,  Easton  and  Princess  Anne 


COLEMAN 

2-week  periods. 

EXPOSED  STATIOM. 

NAY 

15 

NAY 

ZB 

MAY 

20 

JUNE 

1 1 

JUNE 

JUNE 

24 

JUNE 

24 

JULY 

0 

JULY 

e 

JULY 

22 

JULY 

22 

AUG(. 

5 

AUGf. 

5 

AUG. 

AUG. 

IT 

3EPT 

2 

SEPT 

2 

SEPT 

IO 

SEPT 

16 

5EP1 

30 

SEPT 

30 

OCT 

13 

OCT 

13 

ocr. 

26 

AV. 

Culture  number. 

• 

Z 

d 

A 

5 

T 

7 

e> 

9 

IO 

1 1 

12 

Lenqtli  op  qrowmq  peri  od,  days. 

IS 

1 3 

14 

1-4 

\A 

14 

1 4 

14 

14 

13 

15 

Numberrof  plants. 

& 

e 

4 

4 

o 

<o 

| 

€> 

4 

4 

4 

e> 

Remainder  summation  index. 

me 

466 

433 

486 

560 

517 

S3© 

520 

390 

399 

- 

- 

472 

Averdqe  daily  relative  physioloqical 

temperature  index. 

81 

ns 

1 IS 

130 

170 

146 

158 

143 

©4 

©5 

- 

- 

123 

Averaqe  daily  mea  n temperature, deq.  f: 

66 

*ra 

67 

74 

79 

76 

77 

76 

61 

67 

- 

- 

72- 

Averaqe  dailvj  relative  eva  poration 

i ndex. 

139 

152 

137 

120 

143 

155 

U9 

96 

132 

135 

97 

93 

127 

Averaqe  daily  relative  sunshine- 

intensity. 

142 

l&O 

125 

61 

<4  1 

124 

118 

&5 

~ 

- 

- 

120 

Averaqe  da i ly  relative  increment  in 

Stem  heiqht. 

79 

01 

107 

135 

149 

157 

121 

107 

62 

53 

67 

28 

96 

Averaqe  dai  ly  relative  increment  in 

leaf  - product. 

IOS 

1 1 1 

97 

172 

211 

198 

138 

1 IO 

33 

S3 

3S 

4 

107 

EASTON 

2-uueek  p.enods. 

EXPOSED  STATION 

NAY 

0 

MAV 

Z5 

NAY 

25 

JUNE 

0 

JUNE 

8 

JUNE 

22 

JUNE 

22 

JULY 

<b 

JULY 

<E> 

JULY 

.?o 

JULY 

20 

AUG- 

3 

AUG. 

3 

AUG 

17 

AUG 

17 

AUG 

31 

AUG 

31 

5EPT 

14 

3E:PT. 

SEPT 

20 

5E  PT 
28 

OCT 

OCT. 

ocr 

26 

AV. 

Culture  pu m ben 

> 

2 

3 

4 

d 

e 

7 

© 

9 

IO 

" 

12 

Lenqth  of-  qrowmq  period,daqs. 

17 

1 A 

14 

14 

14 

14  ! 

,4 

14 

14 

14 

13 

IS 

■Number  of  plants. 

6 

4 

S 

6 

4 

5 

5 

S’ 

S 

6 

6 

.3 

Remainder  summation  index.  | 

430 

453 

451 

492 

532 

495 

Sl3 

519 

392 

381 

32  6 

347 

445 

Averaqe  dailvj  relative  physioloqical 

temperature  index 

07 

1 IE 

1 IO 

131 

154 

133 

144 

146 

87 

76 

64 

48 

106 

Averaqe  daily  mean  +emperature,deq.fr 

e>5 

7 l 

71 

74 

77 

74 

76 

76 

67 

66 

64 

62 

71 

Averaqe  daily  relative  evaporation 

i ndex . 

95 

130 

133 

91 

S6 

133 

120 

113 

1 ( 1 

104 

8© 

©2 

IO© 

Ayeraqc  daily  relative  sunshme 
i ntensity . 

145 

172 

I4l 

120 

124 

108 

117 

99 

97 

95 

64 

52 

I V 1 

Averaqe  daily  relative  increment  in 
stem  beiqbh 

43 

©7 

1 12 

1 32 

140 

146 

132 

IIS 

8l 

45 

65 

34 

95 

Averaqe  daily  relative,  increment  in 
leaf--  product" 

71 

97 

112 

99 

152 

130 

163 

129 

64 

35 

~ 

~ 

105 

PRINCESS  ANNE 

2* wee k periods 

Exposed  static* r-< 

NAY 

NAY 

26 

MAY 

26 

June 

8 

JUNE 

a 

JUNE 

23 

JUNE 

23 

JULY 

7 

JULY 

7 

JULY 

21 

JULY 

21 

AUG. 

4 

AUG. 

4 

AUG, 

16 

AUG- 

t 0 

5EPT 

SEPT 

5EPT 

15 

SEPT 

\S 

SEPT 

29 

5£PI 

29 

OCT 

12 

OCT. 

12 

OCT 

27 

AV. 

Culture  number. 

1 

Z. 

3 

4 

5 

& 

7 

© 

9 

IO 

1 1 

1 2 

Lenqth  oj-  qrowmq  period*  days. 

15 

13 

15 

14 

14 

,4 

14 

1 4 

|4 

14 

13 

15 

Number  of  plants. 

6 

5 

e> 

6 

b 

3 

<=> 

6 

S 

5 

4 

Remainder  Summation  index. 

350 

405 

504 

493 

403 

5 13 

520 

387 

363 

315 

3Z© 

432 

Averaqe  daily  relative  physioloqical 

tempb'roture  index. 

59 

103 

lOl 

132 

,44 

1 28 

144 

146 

34 

71 

60 

43 

IOI 

Averaqe  daily  mean  temperature.deq.ff 

63 

70 

75 

74 

76 

74 

76 

*76 

67 

Gv5* 

63 

61 

70 

Averoqe  daily  relative  evaporation 

index 

117 

134 

- 

~ 

! 

©5 

lOl 

73 

ra 

78 

70 

39 

84 

Ave  ra  qc  dai  I y relative,  sunshine 
i ntensitvj. 

107 

1 1& 

103 

t)S 

88 

96 

15 

a*» 

79 

£S2 

67 

42 

06 

/\veracjc  da il\j  relative  incrcmenl-  in 

s+e  m h e’t  cj  hu 

62 

no 

lOl 

124 

197 

1 

143  j 155 

is.  r 

79 

65  ’ 

53 

45 

ioe 

Averaqe  daily  relative  increment  in 
leaf-  product, 

96 

1 |6 

l 04 

I 15 

l6  3 

102 

1 7 1 

138 

02 

3-4 

10 

© 

96 

Climatic  Conditions  of  Maryland 


TABLE  IV 

Four-week  data  for  exposed  stations,  Oakland,  Chewsville  and  Monrovia 


OAKLAND 

4-week  periods 

EXPOSED  STATION 

MAY 

23 

June 

19 

June 

3 

JULY 

3 

JUNE 

>9 

JULY 

)6 

3 

JULY 

31 

JULY 

AUG, 

14 

July! 

31 

A US. 
27 

AUG 

M 

SB.  FT. 

>2. 

AUG. 

27 

S£P7 

25 

AV- 

Cul+ure  number*. 

1 

2 

3 

4 

5 

6 

7 

s 

Lenqtb  pf  qrowmq  period , daqs. 

27 

20 

Z7 

2© 

29 

27 

29 

29 

Number  of  plonks. 

4 

5 

3 

e> 

-5 

G 

6 

G 

Remainder  summah'on  index.. 

e>&& 

755 

765 

795 

BOO 

713 

714 

652 

735 

Avei-aqe  daihj  relative  phi/sioloqicol 
tcm pcrature  index. 

66 

76 

©2 

S3 

77 

66 

G5 

55 

71 

Average  dai  lq  mean  tern  pe  ratu  re. deq.F 

&s 

66 

67 

©7 

67 

g5 

64 

62 

65 

Ayeroqc  duiki  relative  evaporation 
index. 

146 

119 

©9 

92 

97 

si 

G4 

63 

94 

Averuqc  dailvj  relative  sunshine 
intensity. 

122 

i le 

106 

i >o 

109 

• 06 

97 

©2 

106 

Averaqe  dail^  relative  increment  in 
stem  hejqbt 

66 

70 

94 

S9 

72 

©1 

63 

47 

71 

Average  dailq  relative.  increment  in 

leaf  area. 

4l 

67 

91 

75 

60 

90 

72 

52 

71 

A veroqe  d a i 1 q relative  increment  in 
dry  wciqbt. 

97 

108 

©3 

as 

63 

76 

46 

79 

CM  EW5VILLC 

4-vveek  periods. 

EXPOSED  STATION. 

MAY. 

>9 

JUNE 

16 

JUNE 

2 

JUNE 

30 

JUNE 

>6 

JULY 

14 

JUNE 

30 

JULY 

20 

JULY 

14 

AUG 

JULY 

20 

AUG 

25 

Auq 

SEPT 

O 

AUG 

25 

SEPT 

22 

SEP! 

6 

OCT 

7 

SEPT 

22 

OCT 

20 

OCT 

7 

NOV 

3 

AV. 

Cul+ure  number 

i 

2. 

3 

A 

5 

7 

0 

9 

IO 

t 1 

Lenqth  of  qrov/inq  period,  da \js. 

26 

20 

20 

20 

20 

2© 

2© 

2© 

29 

20 

2T 

Number  of  plants. 

6 

G 

4 

s 

S' 

4 

3 

5 

G 

G 

6 

Remainder  summation  index 

fls9 

915 

925 

976 

973 

967 

953 

73© 

630 

629 

490 

©23 

Averaqe  dail>y  relative  ph'^sioloqiaal 

Tern  pe  ratu  re  i n<d  ex. 

99 

113 

IIS 

131 

131 

129 

124 

TG 

50 

52 

37 

96 

Averaqe  daiKj  mean  ten7pera'h,ire,deq.  ff 

70 

72 

72 

74 

74 

74 

73 

Cj6 

fat 

62. 

58 

69 

Averaqe  daily  relative  evaporation 

i ndex. 

ns 

9 1 

92 

9a 

96 

. 93 

60 

7G 

69 

71 

90 

Averaqe  daily  relative  sunshine 

i ntensVK}. 

125 

>2.3 

\ 1 » 

1 >4 

>08 

9G 

03 

©G 

09 

59 

56 

AS 

Averaqe  daily  relative  inctement  in 

stem  heiqlft. 

75 

103 

\zz 

97 

91 

04 

84 

50 

47 

4 1 

31 

T 5 

Averaqe  daily  relative  increment*  in 

leaf  area. 

73 

91 

132 

©3 

09 

94 

99 

57 

44 

45 

12 

74 

Averaqe  daily  relative  increment  in 

dr  y weiqirt 

ts 

102 

142 

07 

92 

B6 

0G 

G2 

51 

38 

24 

70 

MONROVIA 

4-  week  periods, 

EXPOSED  STATION 

MAY 

>8 

JUNE 

)5 

jurtE 

JUNE 

29 

JUNE 

15 

JULY 

13 

JUNE 

29 

JULY 

27 

JULY 

13 

AUG 

IO 

JULY 

27 

AUG 

24 

AUG. 

IO 

SEPT 

7 

AUG 

24 

SEPT 

21 

SEPT 

7 

OCT. 

0 

5EPT 

21 

oc  y. 
19 

OCT 

0 

NOv 

2 

AV. 

Culture  number 

• 

z 

3 

4 

5 

6 

7 

© 

9 

IO 

Lenqth  of  qraivmq  • period , days 

26 

20 

28 

2© 

20 

20 

26 

20 

3 1 

20 

25 

Number  of  plants. 

3 

5 

6 

4 

G 

5 

6 

5 

6 

G 

G 

Remainder  summation  index. 

39© 

932 

932 

990 

999 

9 74 

944 

017 

770 

64© 

4fo3 

©5) 

Averaqe  daily  relative  pbqsioloqical 

temperature  index 

108 

117 

u8 

134 

137 

131 

125 

02 

5© 

SG 

53 

102 

Averaqe  daily  mean  te  rape  ratu  re,  diqf. 

7“ 

72 

72 

74 

75 

74 

73 

66 

62 

G3 

5© 

©9 

Averaqe  dai ly  relative  evaporation 
indc». 

123 

105 

U9 

1 IG 

90 

82 

09 

79 

01 

103 

Averaqe  dailii  relative  sunshine 
i ntensity 

>31 

M3 

103 

IOG 

loe 

102 

90 

94 

86 

59 

5© 

96 

Averaqe  daily  relative  increment  in 
stem  heiqbt' 

63 

76 

04 

04 

70 

9 » 

04 

56 

44 

4 1 

28 

66 

Averaqe  dallu  relative  increment  nn 

leaf  area 

71 

IO0 

©a 

99 

71 

104 

7 5 

70 

39 

40 

12 

71 

Averaqe  daily  relative  increment  in 
drq  weiqbt,’ 

70 

1.4 

• 08 

99 

09 

1 05 

© 1 

07 

9 1 

40 

24 

79 

366 
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TABLE  V 

Four-week  data  for  exposed  stations,  College,  Baltimore  and  Darlington 


COLLEGE: 

a-  week ' pcr‘(o<Je>. 

EXPOSED  STATION. 

MAY 

1 9 

JUNE 

6 

23 

JUNE 

19 

JUNE 

JULY 

3 

JUNE 

19 

JULY 

17 

JULY 

3 

JULY 

31 

JULY 

17 

AUQ. 

JULY 

31 

AUG 

27 

AUG 

14 

3 EFT 
IO 

AUG. 

27 

SEP T. 
ZS 

SEPT 

IO 

OCT 

IO 

SEPT 

25 

OCT. 

24 

AV. 

Culture  number. 

• 

2 

3 

4 

5 

6 

7 

a 

9 

IO 

" 

Lenqth  of  qrowinq  period, days. 

2b 

£7 

27 

26 

20 

2S 

27 

27 

29 

30 

29 

Number  of  plants. 

G 

G 

*5 

5 

e 

4 

4 

G 

6 

- 

6 

Rcmaindei'  summation  index. 

068 

950 

930 

\ozo\ 

1014 

772 

927  1 

027 

7>3 

662 

9°2 

Averaqc  daily  relative  pbysioloqicul 

temperature  index. 

0b 

no 

IZI 

137 

141 

141 

130 

129 

91 

♦ 

59 

52 

iio 

Averaqe  daily  meuu  temperature, dcq.  h 

GT 

7l 

73 

75 

7J 

73 

75 

74 

60 

63 

62 

71  I 

Average  daily  relative  evaporation 

index. 

i&q 

157 

139 

no 

120 

145 

14  1 

)&l 

93 

-+ 

01 

S3 

124 

Average  doily  relative  sunshine 

intensity. 

Averaqe  daily  relative  increment  in 
stem  heiqlit. 

47 

75 

IOO 

<9i 

9' 

97 

103 

72 

G3 

- 

56 

80 

Averaqe  daily  relative  increment  in 

leaf-  area. 

70 

92 

125 

76 

90 

173 

209 

IZ& 

86 

- 

X|G 

l IO 

Averaqe  daily  relative-  increment  ir? 

drv)  weiqht. 

B6 

\ IO 

140 

c)S 

119 

nz 

199 

132 

©4 

- 

51 

u9 

BALTIMORE. 

4- uJceK  periods 
£\P06£D  srATlOti 

MAY 

JUNE 
1 0 

MAY 

29 

JUNE 

25 

JUNE 

IO 

JULY 

9 

JUNE 

25 

23 

JULY 

9 

AUG. 

6 

JULY 

23 

A JO. 

20 

DEFT. 

3 

AUG. 

20 

SEPT 

19 

5EFT 

3 

OCT. 

1 

5EPI 

19 

OC  T. 

14 

OCT. 

1 

OCT. 

3i 

AV. 

Culture  number 

1 

2 

3 

4 

3 

g 

7 

8 

9 

IO 

1 1 

Lenqth  of  qrowinq  period,  da \(5 

27 

27 

29 

20 

20 

2© 

20 

30 

20 

25 

30 

Mu niber  of  plants. 

A 

s 

S 

e> 

6 

4 

6 

-S 

G 

,5 

3 

Rcmainclci-  summation  index. 

82i 

670 

997 

'035 

1052 

1049 

1045 

097 

6 95 

629 

619 

063 

Averaqe  daily  relative  pltijsioloqical 
temperature,  index. 

90 

Ml 

124 

144 

151 

1 so 

150 

IOI 

65 

65 

47 

1 IO 

Averaqe  daily  mean  temperature, deq  F 

70 

72 

73 

76 

77 

77 

7 7 

69 

64 

64 

GO 

7 1 

Averaqe  daily  relati ve  e va po ration 

i ndex. 

) »e 

» 12 

93 

S6 

• 02 

,,, 

96 

75 

69 

66 

61 

qo 

Averaqe  daily  relative  Sunshine 

intensity. 

113 

99 

04 

so 

06 

76 

77 

70 

86 

74 

50 

02 

Averaqe  doiKl  relative  increment  in 

stem  heiqhc. 

ioo 

1 19 

130 

)ZZ 

122 

131 

122 

9'i 

60 

75 

56 

104 

Averaqe  daily  relative  increment  in 
leaf  anaa. 

90 

109 

1 13" 

147 

134 

14  1 

I9& 

07 

72 

70 

IOI 

1 15 

Averaqe  daily  relative  increment  in 
dry  weiq  ht. 

ao 

1 13 

1 19 

1 46 

134 

1 I© 

162 

92 

70 

67 

45 

105 

DARLINGTOM 

-4- week  periods 

EXPOSED  STATION. 

WAY 

13 

JUME 

13 

30 

JUNE 

26 

JUNE 

13 

JULY 

IO 

JUNE 

26 

JULY 

24 

JULY 

IO 

AUG 

7 

JULY 

24 

AUG 

21 

AUG* 

7 

SEPT* 

AUG. 

21 

5EPT. 

10 

SEPT. 

4 

OCT 

2 

SEPT 

10 

OCT. 

I 6 

AV. 

Culture  n uni  be  it 

• 

2 

3 

4 

3 

e 

7 

s 

9 

IO 

Lenqth  of  qrowinq  period,  days. 

29 

27 

27 

ZE> 

20 

20 

20 

2& 

2© 

2© 

Number  of  plants. 

G 

3 

6 

4 

s 

5 

- 

s 

G 

5 

Remainder  summation  index. 

6c2 

024 

024 

944 

968 

96Z 

97© 

701 

624  | 

653 

842. 

Averaqe  daily  relative  physioloq  ioal 

temperature  irtdex 

93 

97 

96 

124 

13 1 

130 

135 

e>5 

53 

5 7 

IOO 

Averaqe  daily  mean  tempera  tare, deq. f; 

69 

70 

70 

73 

74 

74 

75 

67 

62 

63 

70 

Averaqe  daily  relative  eva  poration 

index 

12  j&  , 

106 

76 

68 

76 

70 

72‘ 

73 

06 

©9 

05 

Average  dQihj  relative  sunshine 

i n'hensi  r\]. 

1^2 ; 

1 1 1 

65 

94 

,,, 

» 14 

97 

<90 

97 

70 

IOI  ! 

Averaqe  daily  relative,  increnientm 

stem  heiqhtr 

103 

IOO 

>16 

*47 

172 

134 

- 

IQ 

44 

63 

106 

Averaqe  daily  relative  increment  ii? 

leaf  area 

K36 

151 

196 

2 30 

i9z 

- 

90 

57 

04 

140 

Averaqe  daily  relative  increment  in 

dry  weiqht. 

154 

140 

170 

176 

2o4 

169 

- 

09 

56 

72 

144 

Climatic  Conditions  of  Maryland 


table  VI 

Four-week  data  for  exposed  stations,  Coleman,  Easton  and  Princess  Anne 


COLEMAN 

MAY 

13 

MAY 

20 

JUNE 

1 1 

JUNE 

24 

JULY 

0 

JULY  i 

22 

AUG 

S 

AUG 

19 

SEPT 

2 

SEPT 

IG 

SEPT 

30 

AV. 

4-  week  periods, 
ex  POSED  STATION. 

JUNE 

JUNE 

24 

JULY 

0 

JULY 

22 

AUG. 

S 

AUG  : 
19 

3EPT 

2 

5EPT 

IG 

5ELPT 

30 

OCT. 

13 

OCT. 

20 

Cul+ure  number 

i 

■c 

3 

4 

3 

6 

T 

8 

9 

IO 

»• 

Lenqirh  of  qrowinq  period,  days. 

Z<J 

27 

27 

26 

20 

20 

20 

20 

20 

27 

20 

Mumber  of  plants. 

G 

G 

4 

1 

4 

6 

6 

-S 

6 

£ 

4 

JJ 

Remainder-  sumnjobion  index. 

070 

099 

92.1 

1043 

1077 

1033 

1050 

910 

709 

- 

- 

959 

Averaqedaily  relative  physioloqical 
temperature  index. 

91 

1 16 

124 

iso 

IS0 

1 52 

153 

1 IG 

05 

~ 

- 

120 

Averaqe  daily  mean  +emperorture,deq.  f: 

69 

70 

TI 

77 

76 

97 

77 

72 

67 

~ 

~ 

73 

Averaqe  daily  relative  evg poration 

index. 

I4G 

i 43 

1 2/3 

132 

149 

137 

IO0 

1 \4 

134 

116 

45 

I2S 

Averaqe  daily  relative  sunshine 

iu+eus  ity. 

ist 

Hi 

93 

lOI 

>33 

121 

IOZ 

- 

- 

- 

- 

121 

Averaqe  daily  relative  increment"  in 
stem  heiqlzE 

<59 

01 

94 

106 

1 06 

109 

04 

72 

53 

50 

53 

eo 

Averaqe  daily  relative  increment  in 

leaf  area. 

116 

ISO 

167 

144 

135 

145 

106 

09 

7 1 

- 

41 

117 

Averaqe  daily  relative  increment"  in 

dry  w j qlrh 

126 

I5S 

159 

143 

134 

148 

63 

M3 

67 

75 

43 

M3 

EA5TOTN 

e 

MAY 

25 

JUNE 

a 

JUNE 

22 

JULY 

© 

JULY 

20 

AUG. 

3 

AUG 

»7 

AUG. 

31 

5EPT 

14 

SEPT 

20 

OCT. 

1 1 

AV. 

4-uueek  periods. 

EXPOSED  STATION. 

JUNE 

0 

JUNE 

22 

JULY 

JULY 

ZO 

AUG/ 

3 

AUG. 

17 

AUG. 

31 

AUG 

14 

SEPT 

20 

OCT 

1 1 

OCT. 

26 

NOV. 

<b 

Culture  number 

' 

2 

3 

4 

3 

6> 

7 

8 

9 

IO 

1 1 

12. 

Lenqth  of  qrowmq  period,  daqS. 

SI 

20 

20 

20 

20 

20 

20 

20 

20 

27 

20 

26 

Member-  of  plants. 

6 

4 

5. 

6 

4 

5 

s 

S 

3 

<b 

6 

s 

Remainder  summation  index. 

e»9 

904 

943 

|024 

1027 

1008 

1032 

9M 

773 

707 

G7  3 

499 

S06 

Averaqe  daily  relative  pbysio/oqical 
tern  peratu  re  ■ ndex. 

90 

1 1 1 

12.1 

143 

144 

139 

145 

• I 7 

02 

70 

56 

39 

103 

Averaqe  daily  mean  fern pcrature,deq  F 

68 

Ti 

73 

7G 

70 

15" 

7s3 

72 

G7 

G5 

63 

S3 

70 

Averaqe  daily  relative  eva  poration 
i nde'x . 

IIS 

132 

1 1 z 

09 

1 1 o 

»3| 

121 

1 12 

103 

96 

85 

93 

109 

Averaqe  dull',  relative  sunshine 
intensity. 

159 

137 

131 

122 

MG 

ns 

103 

98 

96 

0O 

50 

60 

108 

Averaqe  daily  relative  increment  in 
stem  heiqljr. 

47 

7 2 

91 

• 03 

103 

1 *3 

103 

01 

SG 

30 

56 

30 

75 

Averaqe  daily  relative  increment  in 
leaf  area. 

74 

To 

• » 1 

90 

lOi 

121 

1 21 

95 

GG 

G4 

30 

0 

02 

Averaqe  daily  relative  increment  in 
drq  weiqht. 

30 

01 

H9 

9i 

113 

• 21 

121 

01 

72 

46 

52 

22 

05 

PRIMCE55  ANNE 

1 MAY 

MAY 

:o 

JUNE 

e 

JUNE 

23 

JULY 

7 

JULY 

21 

AuG. 

4 

AUG, 

16 

strr 

SEPT 

13 

sept 

29 

Av. 

4-coee.k  periods 

EXPOSED  statiox 

JUNE 
1 ° 

JUNE 

Z3 

JUL\ 

7 

21 

AUG. 

AUG. 

10 

SEPT 

SEKT 

15 

SEPT 

29 

OCT. 

12 

OCT 

27 

Culture  num  ben 

• 

2 

3 

4 

s 

6 

7 

e 

9 

IO 

Lenqth  of  qrowinq  period,  days. 

28 

ze 

29 

20 

26 

20 

20 

20 

20 

2 7 

20 

Mumber  of  plants. 

1 6 

5 

-5 

o 

G 

O 

3 

<b 

fo 

S 

6 

Remainder  summation  index. 

l 

1 763 

909 

997 

100  7 

997 

99G 

1033 

901 

730 

G 70 

G43 

880 

Averaqe  daily  relative  physio loqical 
temperature  index. 

01 

102 

117 

130 

130 

13b 

145 

1 to 

7© 

GG 

52 

106 

Averaqe  daily  mean  "tem perature.deq. F 

67 

73 

73 

75 

73 

73 

-76 

72 

GG 

64 

62 

7 1 

Averaqe  daily  relative  Evaporation 
inOfex. 

I2.G 

- 

- 

- 

73 

92 

90 

70 

70 

7-4 

55 

03 

Averaqe  daily  relative,  sunshine 
intensity 

113 

1 1 1 

94 

0T 

92 

60 

01 

es 

01 

75 

55 

07 

Averaqe  daily  relative  increment  in 
stem  Hel q 1 jt. 

63 

00 

103 

)OG 

• 30 

125 

138 

64 

63 

5G 

44 

92 

Averaqe  daily  relative  increment  in 
leaf  area. 

125 

155 

.16 

1 27 

132 

206 

102 

99 

72 

36 

117 

Averaqe  daily  re-lative  increment’ll? 
dry  weiqbt 

132 

ISO 

137 

1 10 

137 

133 

1 71 

9? 

09 

G7 

38 

IIG 

368 
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TABLE  VII 

Data  for  covered  stations,  Oakland  and  Baltimore 


y OAKLAND 

Z-week  periods. 

COVERED  STATION. 

MAY 

£2 

JUNE 

JUNE 

4 

JUNE 

IS 

JUNE 

IS 

JULY 

2 

JULY 

2 

JULY 

15 

JULY 

IS 

JULY 

30 

JULY 

30 

AUG. 

13 

AUGl 

13 

AUG. 

26 

Aug. 

26 

SEPT 

5EPI 

1 1 

SEPT 

1 

AV 

Culture  number 

i 

a 

3 

4 

3 

<b 

7 

e> 

9 

Lenqth  of  qrowinq  period,da\js. 

13 

14 

in 

.3 

>3 

in 

13 

\6 

13 

dumber  of  plants. 

5 

<b 

o 

3 

<3 

- 

s 

3 

3 

Averaqe  daihj  relative  evaporation 

i ndex. 

nz 

i 47 

133 

109 

i n 

nz. 

l 1 2 

85 

93 

120 

Averaqe  daily  relative  increment 
in  stem  heiqlrh 

56 

1 

1 IO 

IZ.I 

1 2.(3 

- 

an 

TO 

56 

92 

Averaqe  daily  relative  increment 

in  leaf -product; 

ie 

85 

IH.7 

96 

isn 

- 

09 

nn 

9 

78 

OAK LAM D 

4 -week  periods. 

COVERED  STATION. 

MAY 

22 

JUNE 

ie 

JUNE 

4 

JULY 

2. 

JUNE 

10 

JULY 

15 

JULY 

2 

JULY 

30 

JULY 

15 

AU6. 

13 

JULY 

30 

AUG. 

26 

AUG,. 

13 

SEPT 

1 1 

AUG 

26 

5EPT 

24 

AV. 

Culture  number 

T 

2 

3 

4 

5 

6 

T 

6 

Lenqth  of  qrowinq  period , daijs. 

2T 

28 

27 

28 

29 

27 

29 

29 

dumber  of  plants. 

3 

6 

e 

5 

6 

- 

s 

5 

Averaqe  daily  relative  evaporation 
i ndex. 

160 

140 

12.1 

1 13 

\ 15 

* 

he 

99 

T9 

i n 

Averaqe  daily  relative  increment  in 
stem  heiqhr. 

56 

91 

OS 

106 

97 

- 

63 

81 

Averaqe  daily  relative  increment  in 
leaf  area. 

- 

iot 

145 

155 

1 IS 

- 

- 

66 

1 IS 

Averaqe  daily  relative  increment 

in  drq  weiqhh. 

5T 

97 

»Z.I 

1 ^3 

1 1 1 

- 

86 

59 

93 

BALTIMORE 

Z-week  penoas. 

COVERED  STATION. 

JUKE 

IO 

JUNE 

25 

JUNE 
25  ] 
JULY 

. 9 

JULY 

9 

JULY 

23 

JULY 

23 

AUG. 

6 

AUG. 

6 

AUG- 

20 

AUG 

20 

SEPT 

3 

SEPT 

3 

SEPT 

19 

SEPT 

19 

OCT. 

OCT. 

OCT. 

14 

AV. 

Culture  number 

3 

4 

3* 

€> 

7 

& 

9 

IO 

" 

Lenqth  of  qrowtnq  period, days. 

15 

14 

14 

14 

14 

14 

16 

12 

13 

Number  of  plants. 

6 

6 

4 

6 

5 

3 

3 

-5 

•4 

Averaqe  daily  relative  evaporation 

i ndex . 

,19 

°)5 

M2. 

109 

1 1 7 

ST 

01 

77 

73 

97 

Averaqe  daily  relative  increment 

In  stem  heiqtif: 

1ST 

160 

326 

233 

197 

191 

56 

70 

133 

172 

Averaqe  daily  relative  incrementin 

leaf  - product. 

1 1 l 

ISO 

262 

I4T 

ISO 

163 

51 

21 

43 

125 

BALTIMORE 

A- week  periods. 

COVERED  STATIOM. 

MAY 

29 

JUNE 

25 

JUNE 

IO 

JULY 

9 

JUNE 

25 

JULY 

23 

JULY 

9 

AUG. 

© 

JULY 

23 

AUG. 

20 

AUG. 

6 

SEPT 

3 

AUG 

20 

SEPT 

19 

SEP  T. 

3 

OCT. 

1 

5EPT 

19 

OCT. 

14 

OCT 

OCT 

31 

AV. 

Culture  number 

Z 

3 

4 

3 

<b 

7 

S 

9 

IO 

»' 

Lenqth  of  qrowinq  period,  days. 

27 

29 

28 

28 

28 

2© 

30 

20 

25 

30 

Mumber  of  plaints. 

5 

6 

6 

4 

6 

5 

3 

3 

5~ 

4 

Averaqe  dailsi  relative  evaporation 
index. 

119 

IOT 

107 

1 1 1 

1 13 

102 

84 

79 

75 

70 

97 

Averaqe  daily  relative  increment 
in  stem  hefqht. 

156 

120 

134 

231 

169 

153 

131 

TP 

103 

78 

136 

Averaqe  daily  relative  increment 
in  leaf  area. 

- 

^B8 

230 

194 

154 

74 

IO| 

- 

154 

Averaqe  daily  relative  increment 
in  dry  weiqlTr. 

84 

54 

\ \ 0> 

IBS 

103 

135 

114 

64 

60 

95 
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TABLE  VIII 

Data  for  covered  station  at  Easton  and  for  forest  station  at  Baltimore 


EA5TOM 

2-weeK  periods. 

COVERED  STATION, 

MAY 

25 

JUNE 

a 

JUNE 

a 

JUNE 

22 

JUNE 

2 ZL 

JULY 

6 

JULY 

G> 

JULY 

20 

JULY 

20 

AUG 

3 

AUG. 

3 

AUG 

17 

AUG 

IT 

AUG 

31 

AUG 

31 

5EPt 

14 

SE.PT 

14 

5EPT 

20 

SEPT 

26 

ocr 

1 1 

— 

r~ 

AV. 

Culture  number 

z 

3 

4 

s 

& 

T 

& 

9 

IO 

1 1 

- 

Lenqth  of-  qrowinq  period,  dcujs. 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

Number  of  plants. 

4 

to 

4 

3 

6 

6 

3 

6 

to 

to 

Averaqe  daikj  relative  evaporation 

i ndex. 

1 66 

135 

so 

I 12 

144 

IZ9 

131 

131 

104 

iob 

124 

Averaqe  dailu  relative  increment"  in 
ste  n t heiqhr. 

IZ9 

i ie 

155 

IT7 

177 

m 

105 

96 

qo 

- 

145 

Averaqe  daiki  relative  increment 

in  leaf- product". 

\zz 

M3 

04 

I0O 

iez 

210 

225 

12.5 

55 

- 

|4Z. 

ElASTOLH 

4— week  periods. 

COVERED  STAriOH. 

MAY 

25 

JUNE 

22 

JUNE 

0 

JULY 

to 

JUNE 

22 

JULY 

20 

JULY 

G 

AUG' 

3 

JULY 

20 

AUG. 

IT 

AUG 

3 

AUG. 

31 

AUG 

17 

sEPr 

14 

AUG 

31 

SEPT 

20 

SEPT 

14 

OCT. 

1 1 

SEPT 

OCT. 

26 

OCT 

MOV. 

to 

AV. 

Culture  number 

z 

z 

4 

to 

T 

e 

= > 

10 

\ 1 

12 

Lenqth  of  qrowinq  pen od,davjs. 

20 

20 

20 

2© 

20 

20 

20 

20 

27 

20 

26 

Number  of  plant’s* 

4 

to 

to 

- 

to 

G 

5" 

to 

to 

- 

- 

Averaqe  daikj  relative  evaporation 
index. 

151 

IO0 

qG 

♦ 

12© 

I3T 

130 

131 

1 IS 

1 06 

1 

3* 

J 16 

120 

Averaqe  daikj  relative  increment 
in  sfem  heiqKt. 

103 

120 

12-5 

- 

134 

156 

125 

75 

01 

- 

- 

U6 

Averaqe  dai  l\j  relative  increment 

in  leaf  area. 

1 17 

191 

90 

- 

130 

202 

169 

104 

05 

- 

- 

»3T 

Averaqe  olailvj  relative  increment 

in.  drq  weiqht. 

IO0 

144 

06 

- 

IOT 

140 

l 29 

105 

56 

- 

- 

109 

BALTIMORE. 

2-week  periods. 

FOREST  5TATION. 

JUNE 

21 

JULY 

9 

JULY 

9 

JULY 

23 

JULY 

23 

AUG 

6 

AUG 

to 

AUG. 

20 

AUG- 

20 

SEPT 

3 

SEPT 

3 

sept 

19 

SEPT 

19 

OCT. 

OCT. 

OCT. 

14 

AV. 

Culture  number 

4 

3 

to 

7 

0 

9 

IO 

1 1 

Lenqth  of  qrowinq  period,  davja. 

10 

14 

14 

14 

14 

16 

12 

13 

Number  of  plants 

e 

3T 

- 

4 

-S" 

4 

6 

3 

Averaqe  dailvj  relative  evaporation 

1 ndex. 

- 

75 

62* 

67 

72 

64 

57 

52 

67 

Averaqe  daikj  relative  increment- 
in  stem  heiqht. 

261 

456 

- 

396 

264 

l 7 1 

12.1 

208 

271 

Averaqe  daiki  relative  increment  in 
leaf  - product. 

94 

104 

136 

59 

13 

to 

2.1 

62 

Baltimore 

4 -week  periods. 

FOREST  STATION 

June 

21 

JULY 

23 

JULY 

9 

AUQ. 

e> 

JULY 

23 

AUG. 

20 

I AUG 
to 

SEPT 

3 

AUG. 

20 

SEPT 

19 

SEPT 

3 

OCT 

1 

SEPT. 

19 

OCT. 

19 

OCT. 

OCT 

31 

AV. 

Culture  number 

4 

.5 

to 

7 

0 

9 

10 

1 1 

Lenqth  of  qrowinq  period,  days. 

32 

20 

20 

20 

30 

20 

25 

30 

Number  of  plants. 

6 

5 

- 

4 

5 

.S 

to 

3 

Averaqe  daikj  relative  evaporation 
index. 

- 

79 

* 

75 

70 

6Q 

61 

55 

55 

66 

Averaqe  daikj  relative  increment  in 
stem  heiqht. 

300 

444 

- 

310 

213 

200 

200 

125 

256 

Averaqe  daikj  relative  increment 
in  leaf  area. 

104 

104 

95 

73 

40 

30 

32 

69 

Avcr-aqe.  daiki  relative  increment 
in  dr\j  wci'qfit 

52 

62 

- 

46 

37 

30 

33 

27 

41 
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The  2-week  tables  for  the  exposed  stations  (tables  I— III)  show  in  line  5 
the  remainder-summation  temperature  index  for  each  culture  period,  this 
being  obtained  by  subtracting  39°  from  each  daily  mean  and  then  summing 
the  remainders  for  the  period.  Line  6 gives  the  average  daily  relative 
physiological  index  for  each  period.  Line  7 gives  the  average  daily  mean 
temperatures  for  each  period,  line  8 the  average  daily  relative  evaporation 
index,  and  line  9,  the  average  daily  relative  sunshine-intensity  value  Line 
10  shows  the  values  of  the  average  daily  relative  increment  of  stem  height, 
and  line  11  the  values  of  the  average  daily  relative  increment  of  leaf-product. 
The  two-week  tables  for  the  covered  stations  correspond  to  the  two-week 
tables  for  the  exposed  stations,  except  that  no  temperature  or  sunshine  data 
are  here  available  and  the  tables  thus  contain  only  the  relative  evaporation 
indices  and  the  two  plant  values.  This  is  also  true  for  the  Baltimore  forest 
station. 

The  4-week  tables  correspond,  line  for  line,  with  the  2-week  ones,  except 
that  the  4-week  tables  show  the  average  daily  relative  increment  of  leaf 
area  (instead  of  the  average  daily  relative  increment  of  leaf-product)  and  a 
line  is  added  to  the  4-week  tables  giving  the  average  daily  relative  increment 
of  dry  weight.  Each  4-week  value  of  the  relative  daily  physiological  temper- 
ature index,  the  relative  daily  evaporation  index,  and  the  relative  daily 
sunshine  intensity,  was  obtained  by  averaging  the  relative  values  of  these 
climatic  factors  for  the  2-week  periods  in  question.  The  4-week  value 
of  the  remainder-summation  index  for  each  period  was  obtained  by  adding 
the  values  of  this  index  for  the  two  2-week  periods  that  make  up  the  4-week 
period  under  consideration.  The  average  daily  mean  temperature  for  the 
longer  periods  was  obtained  by  taking  the  mean  of  the  two  average  daily 
means  for  the  two  2-week  periods  involved. 

It  will  be  noted  that  the  plant  values  are  uniformly  given  at  the  bottom 
of  the  table,  with  a double  rule  separating  them  from  what  precedes. 

Figures  2-6  present  graphically  certain  of  the  data  given  in  tables  I-VIII. 
Graphs  for  plant  values  are  denoted  by  black  lines  and  those  for  climatic 
values  are  shown  in  red.  In  all  of  these  graphs  the  ordinates  represent 
magnitudes  of  the  plant  and  climatic  relative  values  and  the  abscissas  repre- 
sent the  time  of  the  year.  The  ordinate  scale  is  given  at  the  left  of  each 
set  of  graphs,  for  convenience  of  reference,  and  the  dates  of  the  beginnings 
of  successive  culture  periods  are  shown  on  the  base  line.  Thus,  for  the  first 
2- week  period  at  Oakland,  the  ordinates  show  the  average  daily  relative 
values  of  the  plant  and  climatic  measurements  for  the  2-week  period  begin- 
ning May  23.  The  100-line  of  the  ordinate  scale  represents  the  average 
seasonal  value  for  all  stations  (as  previously  noted) , this  being  the  unit  used 
in  expressing  the  corresponding  relative  values.  Full  black  lines  (appearing 
only  on  4-week  graphs)  represent  dry  weight.  Dash  black  lines  represent 
height.  Dotted  black  lines  (only  on  4-week  graphs)  represent  leaf  area. 
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Dash-and-dot  lines  (only  on  2-week  graphs)  represent  leaf-product.  Full 
red  lines  represent  temperature.  Dash  red  lines  represent  evaporation. 
Dotted  red  lines  represent  light. 

The  results  obtained  will  now  be  brought  forward,  with  some  discussion, 
which  is  to  be  read  with  reference  to  tables  I-VIII  and  figures  2-6. 

Results  for  Stations  in  the  Open 

The  data  for  the  stations  in  the  open  will  be  considered  as  of  two  main 
groups,  the  2-week  data  and  the  4-week  data. 

THE  2-WEEK  VALUES 

The  2-week  plant  data  for  stations  in  the  open  ( see  figs.  2 and  3,  black  lines ) 

As  has  been  stated,  the  plant  measurements  here  in  question  were  taken 
about  two  weeks  after  planting  and  included  stem  height  and  leaflet  dimen- 
sions. From  these  have  been  derived  (1)  the  relative  mean  daily  rate  of 
increase  in  stem  height  per  plant  and  (2)  the  relative  mean  daily  rate  of 
increase  in  total  leaf-product  per  plant,  both  for  each  2- week  period. 

Therefore,  one  of  these  2-week  plant  values  represents  the  stem-producing 
power  of  the  plant  and  the  other  stands  for  its  leaf-producing  power,  under 
the  given  set  of  external  conditions  acting  during  that  period.  Since  the 
plants  are  taken  to  be  alike  at  the  start,  (seeds)  these  two  derived  plant  values 
should  be  the  same  for  all  individuals  if  all  were  subjected  to  the  same  effect- 
ive environmental  conditions  throughout  the  period,  and  when  the  various 
plants  are  exposed  to  different  environments  the  values  just  mentioned 
become  criteria  by  which  the  effectiveness  of  one  environment  may  be  com- 
pared with  that  of  another,  with  reference,  of  course,  to  the  particular  set  of 
internal  conditions  represented  by  the  plants  at  the  beginning  of  the  tests. 
The  two  plant  values  just  mentioned  may  thus  be  regarded  as  relative  meas- 
ures of  the  effectiveness  or  efficiency  of  the  environmental  complex  for  the 
2-week  period  considered,  as  it  acted  to  produce  stem  elongation  and  leaf- 
product  increase,  upon  the  soy-bean  plants  employed  in  this  investigation. 
For  convenience,  the  following  discussion  will  refer  to  the  graphs  (figs.  2 and 
3)  rather  than  to  the  tables,  but  tables  and  graphs  both  present  the  same 
data  in  every  case.  This  discussion  will  be  given  under  two  headings:  (1) 
Correlations  between  the  two  plant  graphs  and  (2)  Trend  of  the  plant 
values  and  their  seasonal  averages  for  the  various  stations. 

Correlations  between  the  two  2-week  plant  graphs. — It  is  readily  seen  that 
the  two  graphs  showing  relative  rates  of  increase  in  stem  height  and  in  leaf- 
product  agree  in  their  general  direction  of  slope  from  period  to  period,  through- 
out the  season  and  for  all  stations.  In  many  cases  the  two  plant  graphs  not 
only  slope  in  the  same  general  direction  (upward  or  downward)  but  their 


Black:  Height, ■ — ; Leaf  product,  — • • • — 

Red:  Temperature  index,  ; Evaporation  index, ; ; Sunlight 

index, 
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Fig.  3.  Graphs  of  2-week  data  for  exposed  stations,  as  named  (continued) 
(Lines  as  in  fig.  2.) — Graphs  of  4-week  data  for  exposed  stations,  as  named. 

Black:  Dry  weight, ; Height, ; Leaf  area; 

Red,  as  in  fig.  2. 
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corresponding  angles  of  slope  are  nearly  the  same  and  their  corresponding 
ordinates  are  about  equal,  so  that  they  nearly  coincide  for  considerable  por- 
tions of  their  length.  In  other  words,  there  appears  to  have  been  a pronounced 
general  agrement  between  the  effectiveness  of  the  environment  to  produce 
stem  elongation  and  its  effectiveness  to  increase  the  magnitude  of  the  leaf- 
product,  as  shown  by  these  cultures.  If  this  agreement  were  perfect  it 
would  mean,  of  course,  that  the  environment  exerted  the  same  influence 
upon  the  process  of  leaf-surface  increase  (as  measured  by  leaf-product)  and 
upon  the  process  of  stem  elongation,  and  either  of  these  two  criteria  would 
be  a measure  of  the  other.  But  the  coincidence  of  the  two  graphs  is  not  by 
any  means  perfect  and  it  becomes  a matter  of  interest  to  study  their  differ- 
ences, as  shown  by  the  corresponding  relative  values  of  their  ordinates. 

Inspection  of  the  graphs  shows  that,  leaving  those  for  Oakland  out  of 
account,  the  index  for  stem  height  increase  is  frequently  greater  than  the 
other  plant  index  for  the  early  and  late  portions  of  the  frostless  season,  and 
that  this  relation  generally  is  reversed  for  the  middle  portion.  In  other 
terms,  the  graph  for  stem  elongation  generally  lies  below  the  other  graph 
for  the  middle  of  the  season  and  above  it  for  the  beginning  and  end  of  the 
season.  In  still  other  words,  the  seasonal  maxima  of  leaf-product  values  are 
generally  relatively  higher  than  those  of  stem  elongation,  while  the  seasonal 
minima  of  the  former  are  lower  than  those  of  the  latter.  It  may  be  stated, 
as  an  approximation,  that  when  these  two  plant  values  are  both  about  100 
(as  the  data  are  presented  in  this  paper)  the  leaf-product  value  is  generally 
the  higher  of  the  tw.o,  while  when  both  are  below  100  the  elongation  value  is 
usually  the  higher.  In  the  case  of  Oakland,  both  values  are  comparatively 
very  low  throughout  the  season  and,  while  the  index  of  stem  elongation  reaches 
somewhat  above  100  for  two  periods,  this  index  is  never  surpassed  in  magni- 
tude by  the  index  of  leaf-product  increase. 

The  generalization  just  stated  indicating  a relation  between  the  rates  of 
two  plant  processes,  seems  to  be  a physiological  one,  dependent  upon  the 
nature  of  the  soy-bean  plant  and  hence  largely  predetermined  by  the  internal 
conditions  of  the  seed.  Within  the  range  of  environmental  conditions  en- 
countered in  this  study  it  appears  that  the  taller  and  more  leafy  the  plant 
becomes  in  the  first  two  weeks  of  growth,  the  lower  is  the  value  of  the  ratio 
of  final  height  to  final  foliar  expanse.  The  two  growth  processes  here  consid- 
ered are,  therefore,  clearly  interrelated  and  neither  one  alone  is  to  be  regarded 
as  a criterion  of  plant  growth  in  general.  The  average  of  these  two  indices 
may  be  considered  as  a tentative  index  of  the  general  growth  of  the  plants 
during  the  first  two  weeks  from  the  seed.  Inspection  of  the  2-week  graphs 
leads  to  the  impression  that  this  mean  of  the  two  values  offers  perhaps  the 
most  promising  way  to  obtain  from  them  a single  index  of  plant  growth.  The 
two  are  always  so  nearly  parallel  throughout  the  season  (nearly  coinciding 
for  many  periods,  as  has  been  stated)  that  the  charts  have  not  been  further 
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complicated  by  introducing  the  graph  for  the  average,  but  the  form  of  this 
graph  is  readily  appreciated  from  the  two  graphs  that  are  given. 

The  general  relation  between  the  two  plant  values  that  has  just  been 
emphasized  does  not  always  hold,  and  the  more  detailed  discussion  of  the 
plant  graphs  for  individual  stations,  given  in  the  next  following  paragraph, 
is  of  value  in  showing  the  main  exceptions. 

For  Oakland  the  height  value  lies  above  that  for  leaf-product  throughout 
the  season.  The  two  graphs  have  the  same  general  direction  of  slope  except 
for  the  period  beginning  July  16.  For  Chewsville  the  height  graph  exhibits 
the  same  general  direction  of  slope  as  does  the  leaf-product  graph,  from 
period  to  period,  throughout  the  season,  with  the  former  well  above  the  latter 
for  the  last  four  periods  (beginning  August  25,  September  8,  September  22 
and  October  27).  For  the  periods  beginning  June  16  and  June  30  the  latter 
relation  also  holds,  although  the  index  values  are  large,  especially  in  the  case 
of  the  first  of  these  two  periods.  For  Monrovia  the  two  plant  graphs  follow 
each  other  very  closely  throughout  the  entire  season.  The  graphs  for  Col- 
lege for  the  periods  beginning  July  3,  July  17  and  July  31,  illustrated  the  tend- 
ency of  the  height  values  to  decrease  relatively  to  those  of  leaf-product  when 
both  values  are  large.  For  the  periods  beginning  September  10,  September 
25  and  October  10  for  this  station,  both  values  are  small  and,  as  would  be 
expected,  stem  height  is  relatively  greater  than  leaf  product.  For  the  period 
beginning  June  19  the  expected  relation  between  the  two  graphs  does  not  ob- 
tain. For  Baltimore  the  periods  beginning  June  10,  July  23  and  August  20 
are  exceptions  to  the  proposition  that  the  height  graph  should  lie  below  the 
graph  of  leaf-product  when  both  plant  values  are  large.  The  generalization 
is  true,  however,  for  the  remaining  periods  of  the  Baltimore  season.  For 
Darlington  the  two  plant  graphs  agree  closely  in  value  throughout  the  season. 
For  Coleman  stem  height  and  leaf-product  show  the  expected  relation.  For 
Easton  the  generalization  holds,  with  three  exceptions:  the  height  index  is 
lower  than  the  other  for  the  period  beginning  May  8,  although  both  indices 
have  low  values,  and  this  relation  is  reversed  for  the  periods  beginning  June 
22  and  July  20,  in  spite  of  the  fact  that  both  values  are  large  in  these  cases. 
For  Princess  Anne  the  graphs  show  values  of  the  height  index  higher  than 
those  of  the  other  index  for  the  periods  beginning  June  23,  July  7 and  July  21, 
although  both  indices  are  large  for  all  three  periods.  Otherwise  these  graphs 
agree  with  the  generalization. 

The  fact  that  the  generalization  given  above  holds  in  the  great  majority 
of  the  cases  here  studied  renders  the  exceptions  of  special  interest.  Assum- 
ing that  the  seeds  were  all  alike  at  the  beginning  of  all  cultures  and  that  no 
disturbing  influence  was  introduced  by  soil  conditions,  it  may  be  supposed 
that  the  periods  characterized  by  exceptions  to  this  generalization  should  also 
be  characterized  by  some  sort  of  corresponding  peculiarities  in  the  aerial 
environmental  complexes.  Now,  a study  of  the  charts  for  the  exposed  sta- 
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tions  brings  out  the  following  fact:  most  of  the  2-week  periods  for  which 
both  plant  values  are  large  and  yet  the  index  of  stem  elongation  is  greater 
than  that  of  leaf-product  increase,  are  characterized  by  low  indices  of  sun- 
shine intensity.  This  suggests  that  the  plants  of  these  cultures  experienced 
an  acceleration  in  their  rates  of  stem  elongation  due  to  low  light  intensity,  in 
short  that  they  exhibited  some  of  the  effects  of  incipient  etiolation.  They 
seem  to  show  a somewhat  increased  rate  of  stem  elongation  and  a somewhat 
decreased  rate  of  leaf  expansion,  as  compared  with  plants  receiving  more 
radiation.  This  interpretation  is  not  to  be  regarded  as  at  all  well  established, 
but  it  is  at  least  a suggestion  of  one  way  in  which  the  external  condition  of 
light  intensity  and  duration  may  be 'registered  in  such  plants  as  were  here 
employed. 

Trends  of  the  2-week  plant  values  and  their  seasonal  ranges  for  the  several 
stations.  The  following  consideration  of  the  seasonal  marches  of  the  2-week 
plant  values  for  the  various  stations  will  be  limited  in  extent,  since  most  of 
the  facts  and  deductions  that  seem  to  be  of  importance  in  this  connection 
can  be  better  brought  out  later.  Attention  will  here  be  called  only  to  two 
characteristics  of  the  plant  graphs:  (1)  They  begin  with  values  of  about  100 
rise  to  high  midsummer  values  and  then  fall  to  low  values  at  the  end  of  the 
season.  (2)  Differences  in  the  magnitude  of  the  midsummer  maxima  con- 
stitute the  chief  differences  between  the  graphs  for  the  various  stations. 

Oakland  shows  lower  values  for  stem  height  and  leaf-product  than  does 
any  other  station,  due  largely  to  the  low  temperatures  prevailing  at  this 
station  throughout  the  season.  The  data  of  this  study  indicate  that  the 
climate  of  Oakland,  so  far  as  it  affects  the  plants,  is  very  unlike  that  of  any  of 
the  other  stations  employed.  Both  plant  graphs  for  this  station  show  the 
typical  low  values  at  the  beginning  and  end  of  the  season,  however,  with 
midsummer  maxima  of  124  for  stem  height  and  89  for  leaf-product.  Chews- 
ville  shows  typical  graphs,  the  highest  value  reached  by  stem  height  being 
143  while  the  leaf-product  maximum  is  139.  The  end  of  the  season  at  this 
station  is  characterized  by  very  low  leaf-product  values.  The  graphs  for 
Monrovia  are  also  typical,  with  low  values  of  both  indices  for  the  period  begin- 
ning May  18  and  low  values  at  the  end  of  the  season,  after  midsummer 
maxima  of  121  (stem  height)  and  138  (leaf-product) . An  explanation  of  the 
low  values  shown  for  the  Monrovia  periods  beginning  September  7 and 
October  8 may  lie  in  the  fact  that  a minimum  temperature  only  several  degrees 
above  freezing  was  reached  during  each  of  these  periods.  For  both  Chews- 
ville  and  Monrovia  the  plant  values  are,  for  the  most  part,  lower  than  100, 
with  relatively  low  midsummer  maxima  of  132  and  203,  for  stem  height  and 
leaf-product,  respectively.  The  Baltimore  plant  graphs  begin  with  high 
values  and  reach  maxima  of  183  and  233,  for  stem  height  and  leaf-product 
respectively.  For  Darlington  the  main  distinguishing  features  are  the  very 
high  maxima  of  228  for  stem  height  and  295  for  leaf-product,  for  the  period 


Climatic  Conditions  of  Maryland 


377 


beginning  July  10,  and  the  relatively  high  values  shown  by  the  graphs  for  the 
beginning  of  the  season.  The  midsummer  maxima  for  Coleman  are  157 
(stem  height)  and  211  (leaf  product).  The  plant  graphs  for  Easton  show 
relatively  low  values  of  the  midsummer  maxima,  146  being  the  highest  value 
reached  for  stem  height  and  163  for  leaf-product.  Also,  the  plant  values 
are  low  for  the  beginning  of  the  season  for  this  station.  The  midsummer 
maximum  for  stem  height  for  Princess  Anne  is  197  and  the  corresponding 
maximum  for  leaf-product  is  163. 

The  plant  graphs,  as  may  be  seen  from  the  above  outline  of  their  main 
features,  fall  into  three  groups:  (1)  The  Oakland  graphs,  which  show  values 
of  the  leaf-product  index  below  100  for  all  periods  and  similar  low  values  of 
the  stem-height  index  for  all  periods  except  those  beginning  June  14  and 
August  14,  while  the  maxima  of  these  graphs  are  relatively  low.  (2)  The 
graphs  for  Chewsville,  Monrovia,  Princess  Anne  and  Easton,  showing  higher 
midsummer  values  of  the  plant  growth-rates  than  do  the  Oakland  graphs, 
the  maxima  being  about  one  and  one-half  times  the  seasonal  average.  (3) 
The  graphs  for  College,  Baltimore,  Darlington  and  Coleman  which  are  distin- 
guished by  high  relative  values  of  their  maxima.  This  classification  serves  to 
summarize  such  characteristics  of  the  graphs  as  are  of  present  interest. 

The  2-week  climatic  data  for  stations  in  the  open  ( see  figs.  2 and  3,  red  lines) 

The  2-week  climatic  data  consist  of  the  average  daily  relative  values  of 
the  indices  for  temperature,  evaporation,  and  light  for  each  of  a series  of  con- 
secutive periods  extending  through  practically  the  entire  growing  season, 
each  period  being  about  14  days  long.  These  values  therefore  furnish  a con- 
tinuous record  of  the  growing  season  at  each  station.  The  4-week  periods, 
however,  overlap,  each  one  including  the  last  two  weeks  of  the  preceding  and 
the  first  two  weeks  of  the  following  4-week  period,  so  that  the  climatic  aver- 
ages based  on  the  4-week  data  form  a smoother  curve  than  do  the  2-week 
values  in  every  case,  small  variations  in  the  conditions  being  to  a great  extent 
obscured  by,  averaging  the  overlapping  periods.  This  series  of  2-week  values 
therefore  exhibits  the  march  of  the  climatic  conditions  at  each  of  the  vari- 
ous stations  in  somewhat  greater  detail  than  do  the  corresponding  series  of 
4-week  values.  The  former  will  therefore  be  made  the  basis  for  a somewhat 
detailed  and  comparative  discussion  of  the  climatic  conditions  at  the  various 
stations,  temperature  receiving  attention  first  and  light  and  evaporation  being 
afterwards  considered  together.  In  each  case,  the  general  characteristics 
(common  to  most  or  all  of  the  stations)  of  the  seasonal  march  of  the  condition 
considered  will  be  brought  out,  after  which  attention  will  be  given  to  peculi- 
arities of  the  values  for  individual  stations. 
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The  2-week  temperature  data 

The  most  obvious  general  characteristic  of  the  physiological  temperature 
index  is  that  its  value  is  high  for  mid-summer  and  low  for  the  beginning  and 
end  of  the  season,  for  all  stations.  Graphs  of  similar  form  are  obtained  when 
daily  means  and  remainder  summations  are  correspondingly  plotted,  but  the 
midsummer  rise  is  much  more  pronounced  in  the  graph  of  physiological  index 
values  (here  employed)  than  in  either  of  the  others.  The  second  general 
characteristic  of  all  the  graphs  of  the  physiological  index  of  temperature  is 
that  each  graph  possesses  two  maxima,  both  of  which  have  about  the  same 
magnitude.  The  first  occurs  for  the  last  two  weeks  of  July  and  the  second 
for  the  last  two  weeks  of  August,  this  statement  being  true  for  all  the  stations 
considered  except  Oakland,  for  which  station  they  both  occur  relatively 
early  in  the  season,  in  the  last  two  weeks  in  June  and  July  respectively.  A 
third  feature  which  is  common  to  most  (though  not  all)  of  these  graphs  is  that 
the  upward  slope  is  more  gradual  before  the  occurrence  of  the  high  midsummer 
maxima  than  is  the  downward  slope  after  their  occurrence.  A generalized 
temperature-efficiency  graph,  representing  averages  of  the  corresponding 
values  for  all  of  the  stations,  is  not  symmetrical  about  the  ordinate  for  its 
highest  midsummer  value;  it  slopes  upward  less  rapidly  than  downward. 
A fourth  general  characteristic  of  these  graphs  lies  in  the  fact  that  the  final 
low  index  values  of  the  frostless  season  are  not  very  different  for  the  various 
stations.  The  following  consideration  of  the  graphs  for  some  of  the  individ- 
ual stations  will  serve  to  bring  out  the  points  mentioned  above  and  will  give 
opportunity  to  note  exceptions  to  the  general  statements  just  made. 

With  regard  to  the  forms  and  other  characteristics  of  the  2-week  tempera- 
ture-efficiency graphs,  the  nine  stations  studied  may  be  placed  in  five  groups : 
(1)  Chewsville  and  Monrovia,  (2)  Baltimore,  Darlington  and  Coleman,  (3) 
Easton  and  Princess  Anne,  (4)  College,  and  (5)  Oakland.  These  five  groups 
are  discussed  in  order  below.  It  will  be  noted  that  groups  1,  2 and  3 are 
composed  of  stations  that  are  located  near  each  other,  and  this  probably 
accounts  for  the  grouping. 

Chewsville  and  Monrovia.  The  graph  of  physiological  temperature  indices 
for  Chewsville  shows  all  the  characteristics  mentioned  as  general  throughout 
the  series  of  stations.  It  rises  gradually  during  the  first  three  periods,  (per- 
iod beginning  May  19  to  period  beginning  June  16),  then  drops  slightly  during 
the  fourth  period  (beginning  June  30)  after  which  it  rises  for  the  period  begin- 
ning July  14  to  a primary  maximum  of  149.  The  value  for  the  6th  period 
(beginning  July  28)  is  relatively  low  (112),  after  which  a secondary  maximum 
(145)  occurs  for  the  period  beginning  August  11.  The  index  value  in  question 
then  decreases  rapidly  during  the  next  two  periods  attaining  a magnitude  of 
48  for  the  9th  period  (beginning  September  8)  and  remaining  low  until  the 
end  of  the  frostless  season.  Monrovia  has  the  same  sort  of  graph  as  Chews- 
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ville,  the  maxima  coming  in  the  periods  beginning  July  13  and  August  10. 
The  minimum  relative  value  of  the  temperature  index  is  53  for  the  period 
beginning  September  21. 

Baltimore , Darlington  and  Coleman.  For  Baltimore,  the  physiological  tem- 
perature values  increase  gradually  to  a primary  maximum  of  162  for  the 
period  beginning  July  29.  The  secondary  maximum  occurs  in  the  period 
beginning  August  6,  after  which  there  is  a relatively  rapid  decline  of  the 
index  values,  to  62  for  the  period  beginning  September  3.  The  Darling- 
ton graph  has  its  first  maximum  in  the  first  two  weeks  of  July  and  its  second 
in  the  2-week  period  beginning  August  7,  and  then  falls  off  rapidly  to  a mini- 
mum of  46  for  the  first  period  in  September.  The  graph  for  Coleman  shows 
a gradual  rise,  two  maxima  for  the  periods  beginning  July  8 and  August  5, 
and  a rapid  fall.  The  temperature  record  is  incomplete  at  this  station  and 
the  low  values  for  the  end  of  the  season  are  not  available. 

Easton  and  Princess  Anne.  For  Easton  there  is  a gradual  rise  to  a maxi- 
mum of  154,  for  the  first  period  in  July,  the  second  maximum  coming  in  the 
period  beginning  August  17.  The  curve  then  falls  to  a minimum  of  48,  for 
the  last  period  of  the  season.  The  Princess  Anne  curve  shows  the  two  typi- 
cal maxima  in  the  periods  beginning  July  9 and  August  18,  with  a minimum 
of  43  for  the  last  period  of  the  season. 

College.  The  College  graph  of  physiological  indices  is  unusual  in  showing 
a marked  rise  for  the  period  beginning  June  19,  thus  giving  the  graph  three 
maxima  (129,  148  and  143,  for  the  periods  beginning  June  19,  July  17  and 
August  14,  respectively).  The  graph  descends  rapidly  to  a value  of  50,  for 
the  period  beginning  September  25. 

Oakland.  The  temperature-index  values  for  Oakland  are  all  relatively 
low,  being  always  considerably  less  than  the  seasonal  average  for  all  periods 
and  stations.  This  graph  shows  two  maxima,  one  for  the  latter  half  of  June 
and  the  other  for  the  latter  half  of  July.  Each  of  these  maxima  occurs  about 
a month  earlier  than  do  the  corresponding  ones  for  the  other  stations  here 
studied.  The  Oakland  graph  is  also  unlike  those  for  the  other  stations  in 
that  its  downward  slope  is  more  gradual.  Its  final  relative  value  is  43,  for 
the  2-week  period  beginning  September  12,  which  was  the  last  full  period  for 
this  station  before  the  occurrence  of  a killing  frost.  The  most  outstanding 
characteristics  of  the  Oakland  season,  in  respect  to  this  temperature-effi- 
ciency graph,  as  compared  with  the  seasons  at  the  other  stations,  are:  (1) 
general  low  values  of  the  physiological  temperature-index.  (2)  short  duration, 
owing  to  the  occurrence  ~of  late  spring  and  early  fall  frosts,  and  (3)  early 
occurrence  of  the  maxima.  These  marked  differences  between  the  Oakland 
graph  and  those  for  the  other  stations  here  dealt  with  are  no  doubt  largely 
due  to  the  relatively  high  altitude  of  Oakland  as  compared  with  the  others 
as  has  been  mentioned  by  McLean  in  his  comparative  study  of  the  Easton 
and  Oakland  seasons  based  on  these  same  data. 
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The  generalized  graph.  Leaving  the  graph  for  Oakland  out  of  account, 
those  for  the  other  stations  may  be  described  as  a single  generalized  graph, 
in  the  following  general  terms.  Beginning  with  a relative  index-value  of 
about  80  (for  the  first  part  of  May)  the  graph  rises  to  a maximum  (about 
150)  for  the  first  part  of  July,  falls  slightly  and  rises  again  to  a second  maxi- 
mum of  about  the  same  value  as  the  first,  for  the  first  part  of  August,  and 
finally  falls  to  a minimum  value  of  about  50  for  the  last  period  of  the  frost- 
less  season.  That  the  initial  values  are  not  lower  is  no  doubt  due  to  the 
fact  that  the  cultures  were  not  started  until  somewhat  after  the  beginning 
of  the  frostless  season.  (See  McLean’s  paper,  already  cited.)  This  gener- 
alization of  the  temperature  values  for  the  various  stations  is  not,  of  course, 
to  be  considered  otherwise  than  as  a statement  of  what  occurred  in  the  par- 
ticular season  during  which  this  investigation  was  carried  out. 

Light  and  the  evaporating  power  of  the  air,  2-week  data 

The  2-week  graphs  of  the  index  values  for  light  and  atmospheric  evaporat- 
ing power  will  be  treated  together  since  die  seasonal  marches  of  these  two 
climatic  conditions  generally  exhibit  the  same  main  characteristics.  Three 
points  may  be  noted  in  regard  to  them.  (1)  Both  graphs  have,  in  general, 
a downward  slope  from  the  beginning  to  the  end  of  the  season.  (2)  In  the 
majority  of  cases  they  agree  with  each  other  in  direction  of  slope,  from  period 
to  period,  throughout  the  season.  (3)  They  agree  in  having  a primary  maxi- 
mum with  a very  high  value,  for  an  early  period  of  the  season  and  one  or 
more  secondary  maxima  with  lower  values,  for  periods  that  occur  later.  The 
secondary  maxima  of  the  graphs  for  light  and  evaporation  sometimes  (but 
not  always)  coincide,  as  to  time  of  occurrence,  with  a corresponding  maximum 
of  the  graph  for  temperature  efficiency.  The  following  consideration  of  the 
individual  station  graphs  for  the  two  conditions  may  serve  to  bring  out  these 
points. 

For  Oakland,  the  primary  maximum  in  the  graph  of  atmospheric  evapo- 
rating power  (153)  occurs  in  the  first  period  (beginning  May  23).  The  value 
of  the  evaporation  index  then  decreases  steadily  to  a relative  magnitude  of 
79,  for  the  first  two  weeks  in  July,  after  which  it  increases  to  (104),  which 
corresponds  in  time  of  occurrence  (period  beginning  July  6)  to  the  secondary 
maximum  of  the  graph  of  temperature  efficiency  for  this  station.  After 
passing  through  this  high  value  the  evaporation  graph  descends  again,  to 
the  low  values  57  and  69  for  the  last  two  periods  (beginning  August  27  and 
September  12).  The  sunshine-intensity  index  for  Oakland  varies  from  an 
initial  value  of  122  to  a final  value  of  81,  with  maxima  for  the  periods  begin- 
ning July  16  and  August  14.  Inspection  of  these  two  graphs  for  Oakland 
shows  that  the  direction  of  slope  is  the  same,  from  period  to  period,  for  the 
greater  part  of  the  season. 
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For  Chewsville,  the  two  graphs  agree  in  direction  of  slope  throughout  the 
entire  season,  except  between  the  periods  beginning  August  25  and  September 
8.  Both  are  approximately  parallel  to  the  temperature-efficiency  graph  for 
this  station,  from  the  period  beginning  July  14  to  the  period  beginning  August 
25  and  both  have  a downward  slope,  in  general,  from  the  beginning  to  the 
end  of  the  season.  Moreover,  they  agree  in  direction  of  slope  from  the 
period  beginning  June  15  to  that  beginning  October  8. 

For  College,  the  evaporation  maximum  for  the  period  beginning  July  27 
corresponds  to  a secondary  minimum  in  temperature  efficiency.  The  graph 
of  the  evaporating  power  of  the  air  for  College  has  a primary  maximum  for 
the  second  period  (beginning  May  28)  and  a well-marked  secondary  maximum 
for  the  period  beginning  July  22.  No  sunshine  data  are  available  for  this 
station. 

For  Baltimore,  the  two  graphs  in  question  agree  in  direction  of  slope  up  to 
the  period  beginning  July ’9  after  which  evaporation  passes  through  a second- 
ary maximum  which  corresponds,  in  a very  rough  way,  to  the  double  maxi- 
mum of  temperature  efficiency. 

The  Darlington  light  and  evaporation  graphs  show  the  general  character- 
istics mentioned  at  the  beginning  of  this  discussion,  for  the  greater  part  of 
the  season.  The  atmometric  values  for  this  station  are  relatively  very  low, 
all  but  two  of  them  being  less  than  the  seasonal  average  for  all  periods  and 
stations. 

For  Coleman,  the  sunshine  record  is  incomplete,  but  the  two  graphs  gen- 
erally agree  in  direction  of  slope,  so  far  as  comparison  is  possible,  excepting 
between  the  periods  beginning  July  17  and  July  31. 

For  Easton  and  Princess  Anne,  the  graphs  are  typical.  For  the  latter 
station,  evaporation  data  are  lacking  for  the  periods  beginning  June  8 and 
June  23. 

The  comparatively  close  agreement  between  the  graphs  for  sunshine  and 
evaporation,  for  all  the  stations  employed  in  this  study,  together  with  the 
fact  that  evaporation  exhibits  no  well-defined  relation  to  temperature  effi- 
ciency, appears  to  indicate  that  the  rate  at  which  water  evaporated  from  the 
white  cylindrical  cups  employed  as  atmometers  in  this  investigation  was  de- 
termined to  a considerable  extent  by  the  amount  of  radiant  energy  absorbed 
by  the  cups,  and  that  air  temperature  played  a secondary  part  in  the  deter- 
mination of  this  rate.  The  fact  that  the  physiological  temperature  index  is 
here  used  for  expressing  temperature  values  does  not  militate  against  this 
conclusion,  since,  as  has  been  previously  stated  other  methods  of  expressing 
the  temperature  values  give  graphs  which  slope  for  the  most  part,  in  the  same 
direction  as  does  the  graph  of  physiological  temperature  indices.  A large 
effect  of  sunshine  on  evaporation,  the  sunshine  intensity  being  measured  by 
a black-bulb  sunshine  recorder,  has  been  found  by  Briggs  and  Shantz.18 

18  Briggs,  L.  J.,  and  Shantz,  H.  L.  Hourly  transpiration  rate  on  clear  days  as  determined  by  cyclic 
environmental  factors.  Jour.  Agric.  Res.  5:  583-650.  1916. 
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These  authors  were  able  to  calculate  approximately  the  amount  of  evaporation 
from  a shallow  blackened  tank  using  a formula  which  involved  sunshine 
intensity  and  the  saturation  deficit  of  the  air,  sunshine  intensity  having  a 
preponderating  influence.  They  also  state  that  while  the  cups  and  the  tank 
respond  in  different  ways  to  the  daily  cycle  of  changes  in  the  evaporating 
power  of  the  air,  a certain  average  ratio  exists  between  the  evaporation  from 
the  tank  and  that  from  the  cups.  It  is  therefore  to  be  expected  from  their 
work  that  the  rate  of  evaporation  from  Livingston  porous  cups  is  largely 
influenced  by  sunshine  intensity,  and  that  air  temperature  exerts  a secondary 
influence  on  evaporation  as  measured  by  these  instruments.  It  must  be 
remembered,  also,  that  the  evaporation  measurements  of  this  study  were 
made  in  the  plant  enclosures,  while  air  temperature  was  measured  by  ther- 
mometers located  in  a shelter  about  1.5  meters  (5  feet)  above  the  ground  and 
often  4 or  5 meters  (15  feet)  from  the  plant  enclosures.  This  may  account 
in  some  measure  for  the  apparent  absence  of  any  marked  effect  of  air  temper- 
ature on  the  evaporating  power  of  the  air  as  measured  by  porous-cup  atmome- 
ters.  As  Livingston  has  remarked,  the  porous  cups  are  exposed  in  some- 
what the  same  way  as  are  plant  leaves,  and  the  foliage  of  McLean’s  plants 
was  freely  exposed  to  sunshine,  as  were  his  atmometers  also.  Air  tempera- 
ture is  always  obtained  from  shaded  instruments. 

Variability  of  temperature  and  evaporation  values 

It  may  be  noted  that  the  temperature-efficiency  values  for  the  stations 
here  considered,  exclusive  of  Oakland,  are  much  more  nearly  alike  for  any 
given  2-week  period  than  are  the  sunshine  and  evaporation  values.  The 
values  of  these  three  climatic  indices  for  the  first  2 weeks  of  June  and  for  the 
first  2 weeks  of  August,  for  the  eight  stations,  are  given  in  table  IX.  Since 
the  dates  of  observation  were  not  the  same  for  all  stations,  these  values  have 
been  approximated  from  the  graphs,  but  they  may  be  considered  as  suffi- 
ciently accurate  to  illustrate  the  manner  in  which  the  data  at  hand  support 
the  conclusion  just  stated. 

If  the  highest  value  given  for  each  of  the  three  indices  and  for  each  of  the 
two  periods  be  divided  by  its  lowest  value,  the  ratios  presented  in  the  next 
to  the  last  fine  of  the  table  are  obtained.  Each  ratio  represents  the  magni- 
tude of  the  range  of  variation  of  the  climatic  index  that  it  represents,  for  the 
eight  stations  in  question.  The  average  value  for  these  periods  is  given  in 
the  last  line.  It  thus  appears  that  the  variation  of  the  temperature-efficiency 
index  due  to  difference  in  location  of  the  stations  is  markedly  less  than  is  the 
corresponding  variation  in  the  index  of  sunshine  or  that  of  evaporation.  This 
relation  holds  generally  throughout  the  season.  In  short,  the  temperature- 
efficiency  values  exhibit  a smaller  degree  of  geographical  or  local  variation 
than  is  exhibited  by  the  index  for  sunshine  or  for  the  evaporating  power  of 
the  air. 
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TABLE  IX 


Values  of  the  three  climatic  indices  for  the  first  2 weeks  in  June  and  the  first  2 weeks  in 
August , with  ratio  of  highest  to  lowest  value  for  each  index , for  all  stations  excepting 
Oakland. 


STATION 

EVAPORATION 

SUNSHINE 

TEMPERATURE 

EFFICIENCY 

(physiological 

index) 

1st  2 
weeks  of 
June 

1st  2 
weeks  of 
August 

1st  2 
weeks  of 
June 

1st  2 
weeks  of 
August 

1st  2 
weeks  of 
June 

1st  2 
weeks  of 
August 

Chewsville 

115 

90 

130 

95 

105 

120 

Monrovia 

146 

115 

122 

103 

no 

125 

College 

156 

147 

— 

- 

103 

133 

Baltimore 

109 

no 

92 

77 

102 

152 

Darlington 

115 

78 

115 

112 

98 

125 

Coleman 

145 

135 

145 

120 

115 

152 

Easton 

132 

135 

165 

115 

112 

140 

Princess  Anne 

125 

95 

110 

75 

102 

135 

Ratio  of  highest  to  lowest  value 

in  above  series 

1.5 

1.9 

1.8 

1.6 

1.2 

1.3 

Average  for  the  2 periods 

1.70 

1.70 

1.25 

Correlation  of  the  2-week  plant  and  the  climatic  values 

During  the  course  of  this  study  a number  of  attempts  were  made  to  corre- 
late the  climatic  measurements  with  those  representing  the  growth  rates 
of  the  plants,  but  these  were  unsuccessful  and  no  scheme  applicable  in  a 
quantitative  way  to  this  problem  has  yet  been  formulated.  For  example, 
one  of  the  simpler  correlation  schemes  to  be  tried  was  based  on  the  assump- 
tion that  the  growth  of  the  plants  was  directly  proportional  to  the  index 
values  for  temperature  and  light  and  inversely  proportional  to  those  for 
evaporation.  Stated  as  an  equation,  this  assumption  takes  the  form: 


G = 


KTL 
E 1 


in  which  G represents  the  plant  growth  rate  and  T , L,  and  E represent  the 
indices  of  temperature,  light  and  evaporation,  respectively,  while  K is  a 
constant  of  proportionality.  Values  were  obtained  for  the  right-hand  mem- 
ber of  this  equation  for  the  successive  2-week  periods  for  all  stations  and  these 
values  were  compared  with  the  corresponding  growth-rate  indices  derived 
from  the  plant  measurements.  No  close  correspondence  was  generally  to  be 
detected.  The  equation  is  given  as  an  illustration  of  the  kind  of  methods  by 
which  the  discovery  of  correlations  between  the  plants  and  their  climatic 
environment  was  attempted.  Many  combinations  of  the  three  climatic 
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conditions  were  made  and  compared  with  the  plant  growth  rates  but,  as 
noted  above,  without  satisfactory  results. 

It  seems  probable  that  the  difficulty  experienced  by  every  student  who  has 
thus  far  attempted  this  sort  of  correlation  may  arise  partly  from  the  fact 
that  the  environmental  conditions  have  not  been  measured  in  the  right 
way,  and  partly  from  the  use  of  inadequate  methods  for  the  integration  of 
the  quantitative  data  that  are  obtained.  It  is  hardly  to  be  expected  that 
either  of  the  growth  criteria  here  used  should  be  as  simple  a function  of  the 
climatic  conditions  as  the  formula  given  above  might  suggest.  Just  as  soon 
as  facilities  become  available  for  actual  experiments  in  this  field, — experi- 
ments in  which  all  the  influential  conditions  may  be  controlled  and  analytic- 
ally understood, — the  problem  here  brought  forward  prematurely  maybe 
seriously  attacked.  Until  such  experiments  may  be  begun,  all  discussion 
regarding  the  relations  between  plant  growth  rates  and  environmental  con- 
ditions must  remain  vague  and  unsatisfactory. 

There  is  no  doubt  that  the  distribution  of  high  and  low  values  of  any  one 
of  the  climatic  conditions,  during  the  growth  period  of  the  plants,  is  an  impor- 
tant factor  in  determining  the  degree  of  their  development.  To  take  an  ex- 
treme case  as  an  example,  a few  days  with  a very  low  sunshine  intensity 
would  have  no  direct  influence  on  plants  not  yet  above  ground,  but  such  an 
occurrence  would  exert  a very  marked  influence  on  plants  with  a considerable 
leaf  area.  Obviously,  two  periods  showing  similar  average  values  of  any 
climatic  condition  may  have  a widely  differing  distribution  of  high  and  low 
values  of  this  condition.  In  the  present  study,  while  the  distribution  of 
high  and  low  temperature  and  light  values  is  known,  the  corresponding 
stages  of  the  development  of  the  plants  are  not,  and  it  is  thus  practically 
impossible  to  take  account  of  this  distribution  factor.  The  difficulty  of 
correlating  growth  rates  and  climatic  conditions  is  further  increased  by  the 
fact  that,  in  measuring  dry  weight,  stem  height,  etc.,  we  are  not  measuring 
single  processes  in  the  plants,  but  rather  the  combined  effects  of  a number  of 
processes  taken  together. 

It  is  of  interest  to  call  attention  at  this  point  to  certain  features  of  the 
growth  of  the  soy-bean  plants  of  this  study  whose  causes  can  only  be  sur- 
mised. These  features  may  be  of  significance,  however,  since  they  show  a 
departure  from  what  may  be  termed  the  “normal”  for  plant  behavior.  In 
the  first  place,  although  all  of  the  temperature  graphs  show  two  maxima,  the 
plants,  except  in  the  case  of  Oakland,  failed  to  respond  to  the  second  tem- 
perature maximum  by  a correspondingly  high  rate  of  growth.  For  Chews- 
ville,  as  an  example,  in  the  period  beginning  August  11,  we  have  a low  value 
for  the  leaf-product  with  a high  temperature  index  and  the  other  conditions 
at  about  the  seasonal  average.  For  Monrovia  in  the  period  beginning  August 
10,  with  a high  temperature  value  and  with  sunshine  intensity  at  about  the 
seasonal  average,  the  plants  show  a relatively  low  value  of  the  leaf-product. 
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This  may  be  contrasted  with  the  period  beginning  June  15  for  this  same  sta- 
tion, which,  with  a leaf-product  about  the  same  as  that  of  the  first-mentioned 
period,  seems  to  show  less  favorable  growing  conditions — namely,  a much 
lower  relative  temperature  index,  a very  high  evaporation  rate  and  a sun- 
shine value  only  a little  higher  than  the  corresponding  value  for  the  period 
beginning  August  10.  For  College,  the  periods  beginning  July  17,  Juty  31 
and  August  14,  with  about  the  same  values  for  temperature  and  evaporation, 
show  magnitudes  of  152,  204  and  150  respectively  for  the  leaf-product.  This 
variation  may  possibly  be  related  to  differences  in  the  value  of  sunshine  inten- 
sity for  these  periods,  but  sunshine  data  are  lacking  for  this  station.  For 
Baltimore,  the  periods  beginning  July  23,  August  6 and  August  20  show  large 
differences  in  the  leaf-product  with  comparatively  slight  differences  in  the 
climatic  conditions.  Evaporation  was  slightly  less  rapid  for  the  period 
beginning  July  23  than  for  the  period  beginning  August  8,  and  considerably 
less  for  the  period  beginning  August  20,  but  this  seems  to  have  occurred  with- 
out the  expected  effect  on  the  plants.  For  Coleman  the  plant  graph  slopes 
upward  to  a value  of  over  200  for  the  period  beginning  July  8,  while  for  the 
period  beginning  August  5,  which  has  climatic  conditions  apparently  as  favor- 
able, the  relative  value  of  the  leaf-product  is  only  138.  For  Easton  the 
leaf-product  is  lower  than  would  be  expected  for  the  period  beginning  August 
17,  and  for  Princess  Anne  the  plant  values  for  the  period  beginning  August  8 
are  much  lower  than  for  the  period  beginning  July  7,  which  had  approxi- 
mately the  same  climatic  conditions  as  the  first-mentioned  period. 

A second  feature  of  the  plant  graphs,  and  one  that  cannot  be  correlated 
with  the  climatic  data,  is  that  the  rate  of  stem  elongation  reaches  its  highest 
value  for  the  season  before  the  occurrence  of  the  maximum  leaf-product,  for 
all  stations  except  Darlington  and  Coleman.  For  Darlington,  the  highest 
value  for  stem  height  and  leaf-product  both  occur  for  the  period  beginning 
July  10  and  for  Coleman  the  maximum  value  for  stem  height  occurs  for  the 
period  beginning  July  22,  while  the  leaf-product  reaches  its  highest  value  for 
the  season  at  this  station  in  the  preceding  period.  For  the  remaining  sta- 
tions, the  highest  value  for  stem  height  occurs  two  weeks  or  a month  earlier 
than  does  the  highest  value  for  leaf-product. 

THE  4-WEEK  VALUES 

The  4-week  plant  and  climatic  data  derived  from  the  exposed  stations  are 
presented  in  the  tables  and  graphs  already  explained,  and  the  following  con- 
sideration of  these  values  will  refer  to  the  graphs,  as  in  the  case  of  the  2-week 
values. 
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The  4-week  plant  data  for  stations  in  the  open  ( see  fig.  4,  black  lines) 

For  the  4-week  data,  the  rate  of  stem  elongation  may  be  compared  with 
the  rate  of  leaf  expansion  as  determined  from  actual  measurements  of  leaf 
area.  This  comparison  shows  the  same  general  relations  as  appeared  to  exist 
between  stem  height  and  leaf-product  for  the  2-week  growth  periods.  Owing 
to  the  fact  that  the  4-week  plants  were  grown  for  a longer  time,  however,  the 
4-week  data  show  fewer  cases  with  the  rate  of  stem  elongation  greater  than 
the  rate  of  leaf  expansion.  In  most  cases  the  rate  of  stem  elongation  is  con- 
siderably smaller  than  the  rate  of  leaf  expansion.  This  illustrates  the  tend- 
ency of  the  soy-beans  to  show  a low  rate  of  height  growth  relative  to  the 
rate  of  leaf  expansion  when  both  rates  are  large. 

For  Oakland,  the  stem-height  graph  is  above  the  leaf  area  graph  for  the 
first  three  periods  of  the  season  and  below  it  for  the  other  five  periods.  For 
Chewsville  the  three  plant  graphs  follow  each  other  very  closely  and  the 
differences  in  their  relative  positions  are  probably  due,  for  the  most  part,  to 
individual  variations  in  the  plants  of  the  separate  cultures.  The  Monrovia 
graphs  also  support  the  assumption  that  stem  height  shows  a well-defined 
tendency  to  remain  below  leaf  area  during  the  first  part  of  the  season.  For 
College,  the  stem-height  graph  is  below  that  for  leaf  area  for  the  entire  season, 
except  for  the  two  periods  beginning  June  19  and  September  25.  The  Bal- 
timore graphs  show  stem-height  values  higher  than  the  corresponding  leaf- 
area  values  for  the  periods  beginning  May  14,  May  29,  June  10  and  August 
20,  due  possibly  to  low  light  intensities.  The  Darlington  cultures  show  very 
high  values  of  both  growth  rates,  with  stem  height  below  leaf  area  for  the 
entire  season.  For  Coleman,  the  stem-height  graph  remains  below  the  leaf- 
area  graph  for  all  the  periods  except  the  last,  in  which  case  it  rises  very  slightly 
above  the  leaf-area  graph.  For  Easton,  the  two  growth  rates  are  about 
alike,  showing  nearly  the  same  relative  values  for  each  culture  period. 
For  Princess  Anne,  the  stem-height  and  leaf-area  graphs  show  a departure 
from  the  usual  behavior  during  the  first  three  periods  of  the  season.  For 
these  periods,  the  leaf-area  values  are  relatively  large  and  those  for  stem 
height  are  relatively  low,  for  some  reason  not  apparent  from  the  climatic 
conditions. 

A very  striking  relation  is  shown  between  the  4-week  values  for  leaf  area 
and  for  dry  weight.  For  most  of  the  cultures  these  two  kinds  of  growth 
rates  have  practically  the  same  relative  numerical  values  for  any  given  period. 
The  Oakland  graphs  show  this  for  all  periods  except  the  one  beginning  June 
5,  for  which  dry  weight  is  markedly  larger  than  leaf  area.  For  Chewsville, 
the  general  relation  just  mentioned  shows  very  well  throughout  the  season. 
For  Monrovia,  the  leaf-area  value  shows  a rather  large  deviation  from  the  dry- 
weight  value  for  the  periods  beginning  June  16,  June  30  and  Aug.  25,  but 
otherwise  the  two  growth  rates  correspond  in  their  relative  values  during  the 
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Fig.  4.  Graphs  of  4-week  data  for  exposed  stations  as  named  (continued) 
(Lines  as  in  4-week  graphs  of  fig.  3.) 
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entire  season.  The  College  graphs  show  close  agreement,  with  dry  weight 
above  leaf  area  during  the  first  part  of  the  season.  For  Baltimore,  the  rela- 
tive leaf-area  value  differs  considerably  from  the  value  for  relative  dry 
weight  for  the  periods  beginning  August  6 and  October  1,  but  the  remaining 
periods  show  close  agreement.  The  two  Darlington  graphs  show  close  agree- 
ment for  all  periods.  For  Coleman,  dry  weight  and  leaf  area  agree  well  for 
all  periods,  except  those  beginning  August  5 and  August  19.  For  Easton, 
no  large  differences  between  these  two  rates  occur  for  any  of  the  cultures. 
For  Princess  Anne,  the  period  beginning  August  4 is  the  only  one  showing  a 
difference  of  considerable  magnitude  between  the  relative  leaf-area  value  and 
the  dry-weight  value. 

This  property  or  characteristic  of  soy-bean  renders  possible  the  use  of  the 
leaf  area  of  the  plant  as  an  index  of  the  dry  weight  of  the  tops,  and  appears 
to  render  soy-bean  particularly  promising  as  a standard  plant  for  climatic 
investigations,  as  has  been  pointed  out  in  a previous  paper,19  from  wffiich  the 
following  paragraph  is  taken. 

“If  the  method  proposed  by  Livingston  and  McLean  (1916),  of  employing 
the  growth  rates  of  standard  plants  as  indices  for  the  comparison  of  different 
climates  as  these  influence  plant  growth  in  general,  is  to  be  of  value,  it  is  of 
course  necessary  that  suitable  plant  characteristics  be  chosen  for  measure- 
ment in  determining  the  growdh  rates,  and  it  is  desirable  that  the  measure- 
ments be  such  as  may  be  made  from  time  to  time  without  injury  to  the 
plants.  The  most  generally  accepted  criterion  of  plant,  growth,  dry  weight 
of  tops,  can  be  obtained  but  once  for  any  individual  plant,  since  the  plant  is 
destroyed  during  the  determination.  Also,  the  accurate  determination  of 
leaf  area  is  very  difficult  unless  the  plants  are  destroyed.  On  the  other  hand, 
as  McLean  has  emphasized,  leaf  dimensions  may  be  obtained  repeatedly 
during  the  development  of  the  plant,  without  serious  danger  of  inflicting 
injury.  It  may  therefore  be  of  considerable  importance  if  leaf  area,  and  even 
dry  weight  can  be  satisfactorily  estimated  for  soy-bean  by  the  employment 
of  the  leaf-product  as  an  index.” 

Dry  weight  and  actual  leaf  area  were  both  determined  only  for  the  4-week 
periods,  the  plants  being  then  destroyed,  but  the  lengths  and  breadths  of 
all  leaflets  were  obtained  for  both  the  2-week  and  the  4-week  periods.  Con- 
sequently, to  study  the  correlation  between  total  leaf  area  and  total  leaf- 
product  per  plant,  only  the  4-week  data  are  available  and  these  are  the 
ones  here  considered. 

Since  soy-bean  leaflets  are  approximately  elliptical  in  form  and  since  the 
area  of  an  ellipse  is  proportional  to  the  product  of  its  axes,  the  leaflet-product 
(length  times  breadth)  of  any  leaflet  should  be  nearly  proportional  to  the 
area  of  that  leaflet.  Whether  this  relation  may  hold  during  the  growth  of 

19  Hildebrandt,  F.  M.  Leaf  product  as  an  index  of  growth  in  soy-bean.  Johns  Hopkins  Univ.  Circ., 
March,  1917.  P.  202-205. 
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the  leaflet  under  different  sets  of  climatic  conditions  depends  upon  how  nearly 
the  elliptical  form  is  retained.  The  sum  of  the  individual  leaflet-products  of 
any  plant,  which  is  the  total  leaf-product  for  that  plant,  should  be  approxi- 
mately proportional  to  the  total  leaf  area  of  the  plant,  if  the  relation  given 
above  holds.  In  the  discussion  that  follows  it  will  be  shown  that  such  an 
approximate  proportionality  does  exist  in  the  case  of  the  4-week  soy-bean 
plants. 

In  order  to  find  out  whether  the  actual  areas  of  the  leaves  in  these  cultures 
were  proportional  to  the  corresponding  leaf-products,  the  ratio  of  the  two 
quantities  was  worked  out  for  a number  of  the  stations.  It  was  found  that 
the  leaf-product  divided  by  the  leaf  area  gives  a number  that  varies  only 
slightly  from  the  value  1.28.  In  other  words,  if  we  measure  the  two  diame- 
ters of  the  leaflets  of  a 4- week  soy-bean  plant,  multiply  these  two  numbers 
for  each  leaflet,  and  add  the  products,  a number  is  obtained  which,  when 
divided  by  1.28,  closely  approximates  the  actual  leaf  area  of  that  plant. 
Instead  of  using  the  sum  of  the  products  of  length  and  breadth  as  an  index 
of  the  area  per  plant  we  may  use  the  sum  of  the  squares  of  the  lengths  of  the 
leaflets  or  the  sum  of  the  squares  of  the  breadths  of  the  leaflets.  The  numbers 
thus  secured  do  not,  however,  bear  as  nearly  constant  a ratio  to  the  actual 
leaf  area  as  does  the  total  leaf-product,  and  hence  neither  is  as  satisfactory 
an  index  of  the  area  as  is  the  leaf-product  itself. 

One  of  the  most  interesting  properties  of  the  4-week  soy  bean  plant  is  that 
the  dry  weight  of  stem  and  leaves  is  approximately  proportional  to  the  total 
leaf  area.  Having,  therefore,  a means  by  which  the  leaf  area  may  be  con- 
veniently estimated,  it  is  possible  to  calculate  the  dry  weight  of  the  plant 
approximately,  by  multiplying  the  leaf-area  by  the  proper  constant.  The 
proportionality  between  the  weight  of  the  plant  and  its  leaf  area  is  not  quite 
so  constant  as  that  between  leaf  area  and  leaf-product,  but  in  the  great 
majority  of  cases  the  variation  in  the  ratio  of  dry  weight  to  leaf  area,  from 
a constant  value,  is  less  than  10  per  cent.  The  relations  given  hold  over 
a very  wide  range  of  climatic  conditions  and  for  plants  varying  in  height 
from  2 or  3 cm.  to  18  or  20  cm.  Since  none  of  the  plants  in  these  experi- 
ments were  grown  to  maturity,  it  is  impossible  to  say  whether  this  relation 
holds  up  to  that  time. 

From  the  foregoing  facts  it  may  be  concluded  that  the  dry  weight  and 
leaf  area  of  soy-beans  4 weeks  old  from  the  seed  can  be  determined  approxi- 
mately from  their  leaflet  dimensions.  Soy-bean  should  therefore  be  very 
suitable  for  use  as  a standard  plant  for  the  measurement  of  climate  in  the 
manner  suggested  by  Livingston  and  McLean,  since  the  rate  of  its  growth 
can  be  approximately  determined  from  easily  obtained  leaf  measurements. 
Also,  the  properties  of  soy-bean  given  above  should  make  it  a useful  plant 
for  any  piece  of  physiological  research  in  which  it  is  desired  to  know  approxi- 
mately the  dry  weight  of  the  plant  used,  at  various  stages  of  its  development. 
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The  4-week  climatic  data  for  stations  in  the  open  ( see  fig.  4,  red  lines ) 

It  will  be  remembered  that  the  cultures  were  started  every  two  weeks  and 
that  each  grew  for  a period  of  four  weeks.  The  4-week  periods  thus  over- 
lap, and  attention  has  been  called  to  the  fact  that  averages  of  the  climatic 
factors  for  these  over-lapping  periods  form  a smoother  graph  than  averages 
for  the  2-week  periods.  The  4-week  graphs,  therefore,  show  the  general 
seasonal  march  of  the  index  values  for  various  stations  better  than  do  the 
2-week  ones,  while  the  latter  show  the  details  of  the  seasonal  march  better 
than  the  former.  This  fact  will  be  brought  out  by  a brief  reference  to  the 
graphs  at  this  point. 

The  values  of  the  physiological  temperature  indices  for  the  4-week  periods 
show  the  seasonal  marches  of  this  condition  for  the  various  stations,  from 
low  values  in  May  to  high  midsummer  values,  and  then  to  low  values  again 
in  the  last  part  of  the  season.  The  graphs  for  all  of  the  stations  except 
Oakland  show  a steeper  slope  after  the  midsummer  maximum  has  been 
passed  than  for  the  periods  during  which  the  temperature  was  rising  to  this 
maximum.  The  two  maxima  that  were  present  in  most  of  the  2-week  graphs 
are  eliminated  in  the  4-week  averages  and  the  graphs  of  temperature  values 
show  instead  a period  of  about  6 weeks  during  which  this  condition  remains 
approximately  constant. 

The  4-week  evaporation  and  light  data  show  the  general  characteristics  of 
the  seasonal  marches  of  these  conditions  previously  noted  as  exhibited  by  the 
2-week  data.  It  will  be  seen,  in  the  first  place,  that  both  graphs  exhibit  a 
downward  slope  from  the  beginning  to  the  end  of  the  season;  and,  in  the 
second  place,  that  both  graphs  show,  in  addition  to  their  high  primary  maxi- 
mum in  the  early  part  of  the  season,  one  or  more  secondary  maxima  later. 
In  some  cases  the  secondary  maxima  of  the  evaporation  graphs  coincide,  as  to 
time  of  occurrence,  with  temperature  maxima.  Both  of  these  general  char- 
acteristics shown  in  the  4-week  graphs  of  evaporation  and  light  are  shown  by 
the  2-week  graphs  but  since  small  variations  are  eliminated  by  averaging 
the  over-lapping  periods,  there  are  fewer  secondary  maxima  in  the  4-week 
graphs.  In  the  case  of  evaporation,  there  is  usually  one  secondary  maximum 
occurring  in  or  near  the  4-week  period  including  the  last  2 weeks  of  July  and 
the  first  2 weeks  of  August.  In  the  case  of  all  stations  this  is  one  of  the 
three  4-week  periods  showing  high  temperature  values.  The  4-week  climatic 
graphs  need  not  be  discussed  further  here.  The  method  by  which  the  4-week 
data  were  derived  from  the  2-week  data  amounts  to  the  same  thing  as  smooth- 
ing the  2-week  graphs  and  only  the  more  pronounced  characteristics  of  the 
graphs  remain  after  averaging.  Interest  in  the  4-week  climatic  data  thus 
lies  mainly  in  their  relation  to  the  plant  growth  rates. 
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Results  for  the  Three  Covered  Stations 

INTRODUCTORY 

All  of  the  data  discussed  up  to  this  point  were  obtained  for  the  open,  with 
no  covering  other  than  a screen  of  wire  netting  of  large  mesh,  to  protect  the. 
plants  from  injury.  At  three  of  the  stations,  Oakland,  Baltimore  and  Easton, 
as  has  been  noted,  a series  of  cultures  was  also  grown  under  glazed  cold-frame 
sash,  supported  three  feet  above  the  ground,  these  cultures  being  designated 
as  the  Oakland,  Baltimore  and  Easton  covered  stations.  The  behavior  of 
the  plants  grown  under  glass  was  very  different  from  the  behavior  of  those 
grown  in  the  open,  and  the  results  for  the  covered  stations  will  be  considered 
in  this  section. 

The  covered  cultures  were  placed  near  the  exposed  cultures  at  eaeh  of  the 
three  places  mentioned,  so  that  the  climatic  conditions  for  the  two  would  be 
practically  the  same,  except  as  modified  by  the  glass. 

THE  PLANT  DATA,  COVERED  STATIONS 

(See  figs.  5 and  6,  black  lines) 

The  effect  of  the  glass  cover  was  shown  by  the  plants  in  two  ways:  (1) 
growth  was  always  greater  for  the  covered  stations  than  for  the  exposed, 
and  (2)  the  plants  of  the  covered  stations  showed  a marked  difference  in 
manner  of  growth  from  the  plants  of  the  exposed  stations.  The  greater 
growth  of  the  covered  plants  was  shown  in  some  cases  by  one,  in  some  cases 
by  two,  or  even  by  all  three  of  the  growth  measurements  taken.  Not  only 
did  the  plants  show  greater  growth,  but  the  maxima  in  the  graphs  of  the 
various  growth  measurements  for  the  covered  plants  do  not  usually  occur  at 
the  same  times  as  do  the  maxima  in  the  corresponding  graphs  for  the  plants 
grown  in  the  open.  The  principal  effect  of  the  covering  on  the  way  in  which 
the  plants  grew  is  shown  by  a disturbance  of  the  relation  between  dry  weight 
and  leaf  area.  In  previous  discussion  of  this  relation  for  the  exposed  plants 
it  was  noted  that  the  relative  dry-weight  and  leaf-area  values  are  approxi- 
mately the  same  for  the  4-week  plants.  In  the  case  of  the  covered  stations, 
on  the  other  hand,  every  culture  shows  relative  leaf  area  as  higher  (usually 
very  much  higher)  than  relative  dry  weight.  Stem  height  for  the  covered 
cultures  usually  shows  high  values  as  compared  to  the  corresponding  exposed 
cultures.  The  tendency  noted  in  previous  discussion  for  this  growth  rate  to 
fall  off  relatively,  as  the  plants  become  larger,  seems  to  be  only  slightly  in 
evidence  here.  The  following  consideration  of  the  covered  cultures  in  detail 
will  bring  out  these  features.  It  should  be  noted  that  the  culture  periods  for 
the  covered  stations  each  agree  in  length,  to  within  a day  or  two,  with  those 
for  the  corresponding  exposed  stations.  Such  slight  differences  as  exist  in 


F ig.  5.  Graphs  of  2-week  and  4-week  data  for  covered  and  forest 
stations,  as  named. 

Black,  as  in  figs.  1 and  3. 

Red,  Evaporation  index. 
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the  lengths  of  the  culture  periods  do  not  in  any  degree  account  for  the  differ- 
ences in  the  plant  measurements  nor  interfere  with  the  general  comparisons 
here  made.  In  comparing  growth  for  the  exposed  and  covered  cultures,  no 
attempt  will  be  made  to  account  in  detail  for  the  differences  between  the 
two  sets  of  plants  in  terms  of  climatic  conditions,  since  the  climatic  infiuencs 
acting  on  the  covered  plants  are  not  even  so  well  known  as  in  the  case  of  the 
exposed  stations,  and  it  has  already  become  clear  that  a really  satisfactory 
interpretation  of  growth  rates  by  means  of  such  climatic  measurements  as 
are  here  employed  is  nearly  hopeless  at  present.  After  the  peculiarities  of 
the  covered  plants  have  been  pointed  out,  however,  some  suggestions  as  to 
the  probable  causes  of  these  peculiarities  will  be  brought  forward. 


Fig.  6.  Graphs  of  2-week  and  4-week  data  for  Easton  covered  station. 

(Lines  as  in  fig.  5.) 

A 

The  Oakland  covered  station. — The  covered  and  exposed  cultures  for  Oak- 
land differ  less  than  do  the  corresponding  sets  for  Baltimore  and  Easton,  but 
they  show  the  general  features  outlined  above.  The  plants  of  the  2-week 
covered  cultures  for  Oakland  exhibit  a much  higher  value  of  the  leaf-product 
than  do  the  corresponding  exposed  cultures,  for  the  periods  beginning  June 
18,  July  2,  and  July  15,  and  the  stem-height  value  is  greater  for  the  covered 
station  than  for  the  exposed  station,  for  the  periods  beginning  June  4,  July  2 
and  July  15.  The  highest  value  of  leaf-product  occurs  for  the  period  begin- 
ning July  15  for  the  covered,  and  in  the  period  beginning  July  16  for  the 
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exposed  2-week  plants.  Each  set  of  cultures  show  two  seasonal  maxima  in 
the  plant  graphs,  but  these  are  much  higher  in  the  case  of  the  covered  plants 
than  in  the  case  of  the  exposed.  In  the  4-week  graphs  for  the  covered  plants, 
leaf  area  is  higher  than  dry  weight  for  the  whole  season,  while  the  exposed- 
station  graph  for  leaf  area  is  well  below  that  for  dry  weight,  from  the  period 
beginning  May  23  to  the  period  beginning  July  16,  inclusive.  The  maximum 
for  all  the  growth  measurements  of  the  4-week  exposed  plants  occurs  for  the 
period  beginning  June  19,  while  the  maximum  for  the  covered  station  occurs 
for  the  period  beginning  July  2.  Also,  the  graphs  for  the  4-week  plants  all 
exhibit  higher  values  than  do  the  graphs  for  the  2-week  plants  for  most  of  the 
culture  periods  of  the  season.  This  is  especially  true  of  leaf  area.  Covering 
the  plants  with  glass  seems  to  have  produced  a relatively  high  rate  of  leaf 
expansion,  in  spite  of  the  fact  that  the  evaporation  value  is  somewhat  higher 
for  the  covered  than  for  the  exposed  plants. 

The  Baltimore  covered  station. — The  2-week  plant  data  for  the  covered  sta- 
tion at  Baltimore  are  plotted  to  a scale  one-half  as  great  as  the  scale  used  in 
plotting  the  exposed  plant  values,  on  account  of  the  high  values  of  stem  height 
and  leaf-product  shown  by  the  covered  culture  beginning  July  9.  The  values 
of  both  leaf-product  and  stem  height  for  this  station  are  both  uniformly 
above  the  corresponding  values  for  the  exposed  station.  Also,  the  tendency 
of  the  covered  plants  to  elongate  relatively  more  rapidly  than  did  the  exposed 
plants  is  shown  by  the  stem-height  values  for  Baltimore  covered  station  for 
both  the  2-  and  4-week  periods.  It  is  interesting  to  note  that  the  covered 
plants  do  not  show  specially  high  values  of  the  plant  growth  rates  for  the 
period  beginning  August  6,  as  do  the  exposed  plants.  The  4-week  graphs  for 
the  covered  plants  show  very  well  the  tendency  of  leaf  area  to  reach  values 
relatively  higher  than  those  for  dry  weight,  the  leaf-area  graph  being  well 
above  the  dry-weight  graph  for  the  entire  season. 

The  Easton  covered  station. — For  Easton  the  covered  plants,  as  compared 
with  the  exposed,  show  the  general  tendencies  noted  above.  The  2-week 
growth  rates  of  the  covered  plants,  especially  for  stem  height,  are  higher  than 
the  corresponding  rates  of  the  exposed  plants.  It  will  be  observed  that  the 
maximum  growth  for  the  season,  in  both  the  covered  and  exposed  2-week 
cultures  occurs  for  the  period  beginning  August  .3.  The  4-week  plants  of 
the  covered  cultures  show  leaf  area  relatively  higher  than  dry  weight.  The 
values  for  the  culture  period  beginning  June  22  are  relatively  low  for  the 
covered  as  well  as  for  the  exposed  cultures. 

THE  CLIMATIC  CONDITIONS,  COVERED  STATIONS 

(See  figs.  5 and  6,  red  lines) 

Of  the  three  climatic  factors  generally  dealt  with  in  this  study,  evaporation 
alone  was  measured  for  the  covered  stations,  so  that  the  climatic  data  are 
much  less  satisfactory  in  this  case  than  in  the  case  of  the  exposed  stations. 
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It  is  safe  to  suppose  that  the  climatic  conditions  under  the  glass  differed  from 
those  for  the  corresponding  exposed  stations  in  certain  definite  ways,  period 
by  period.  The  rate  of  evaporation  for  the  covered  stations  was  considerably 
greater  than  for  the  exposed  as  will  be  seen  by  comparing  the  values  given  in 
the  tables.  We  may  be  certain,  also,  that  some  of  the  incident  light  was 
absorbed  by  the  glass  and  that  the  light  intensity  under  the  cover  was  thus 
less  than  the  intensity  of  the  fight  falling  on  the  exposed  plants.  Also,  we 
may  be  reasonably  sure  that  the  air  temperature  under  the  glass  was  some- 
what higher  than  that  outside,  especially  on  quiet  days  when  circulation  of 
air  was  slight,  and  there  was  little  tendency  toward  equalization  of  air  tem- 
peratures. In  considering  the  behavior  of  the  covered  cultures  as  related  to 
climatic  conditions,  it  may  be  mentioned  that  evaporation  is  known  to  have 
been  more  intense  and  fight  intensity  lower  for  these  than  for  the  corre- 
sponding exposed  stations  and  periods,  while  air  temperature  was  probably 
higher  for  the  covered  than  for  the  corresponding  exposed  stations. 

The  differences  between  the  behavior  of  the  plants  under  glass  and  that  of 
the  plants  in  the  open  seems  to  be  primarily  attributable  to  differences  in 
fight  conditions  for  the  two  sets  of  cultures.  The  more  rapid  stem  elongation 
occurring  under  glass  is  exactly  what  would  be  expected  if  the  air  temperature 
was  higher  and  the  fight  intensity  was  lower  than  in  the  case  of  the  corre- 
sponding exposed  cultures.  The  fact  that  leaf  area  is  relatively  high  for  the 
covered  plants,  as  compared  with  their  final  dry  weight,  may  possibly  be 
related  to  a smaller  amount  of  dry  matter  produced  by  photosynthesis  per 
unit  of  leaf  area  in  the  covered  cultures.  Such  a difference  might  be  expected 
if  the  fight  energy  available  for  photosynthesis  were  cut  down  by  interposing 
between  the  plant  and  the  fight  source  a screen  that  absorbed  a part  of  the 
fight. 

Whatever  may  be  the  true  explanation  of  the  behavior  of  these  plants 
under  glass  (and  the  true  explanation  will  surely  be  much  more  complicated 
than  is  here  suggested),  the  facts  indicate  very  clearly  that  the  growth  of 
the  plants  under  glass  was  quite  different  from  the  corresponding  growth 
in  the  open.  This  point  must  be  important  in  physiological  experiments  con- 
ducted in  greenhouses. 

Results  for  the  Baltimore  Forest  Station 
(See  fig.  5) 

The  Baltimore  Forest  Station  was  located  about  150  yards  from  the 
exposed  and  covered  stations  at  that  place.  Evaporation  was  the  only 
climatic  feature  measured  for  this  station.  The  sunshine  intensity  was  of 
course  very  low,  due  to  the  shading  and  screening  effect  of  the  leaves  of  the 
trees  abo'/e  the  experimental  plants.  Air  temperature  was  also  probably 
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considerably  lower  than  that  experienced  by  the  exposed  and  covered  plants. 
The  modification  of  growth  habit  in  the  case  of  the  forest  plants  is  very 
striking,  as  can  be  seen  by  an  inspection  of  the  plant  graph  for  this  station. 
The  soy-beans  were  short  erect  growers  in  the  open,  and  were  erect  with  long 
stems  under  the  glass  of  the  covered  station,  but  were  runners  in  the  forest. 
This  effect  on  stem  growth,  which  obviously  cannot  be  explained  as  an  effect 
of  temperature  alone  in  the  case  of  these  cultures,  is  relatively  very  great, 
the  highest  2- week  value  for  stem  elongation  being  over  four  and  a half 
times  as  great  as  the  seasonal  average  for  all  periods  and  stations,  and  the 
highest  4-week  value  was  a little  less  than  four  and  a half  times  the  seasonal 
average.  As  compared  with  plants  grown  in  the  open,  the  4-week  forest 
plants  also  show  the  same  reversal  in  the  relative  positions  of  the  leaf-area 
and  dry-weight  graphs  as  was  shown  by  the  covered  plants.  The  leaf-area 
graph  is  above  the  dry-weight  graph  for  the  entire  season  in  the  forest. 
These  cultures  are  thus  more  like  the  covered  ones  than  they  are  like  the 
exposed  ones.  This  may  possibly  be  accounted  for  by  supposing  that  the 
similarity  in  the  behavior  of  the  plants  in  the  covered  and  forest  stations  at 
Baltimore  was  related  to  a corresponding  similarity  in  the  light  conditions  for 
these  two  sets  of  cultures,  but  the  problem  is  doubtless  very  complex. 

THE  PLANT  DATA  AS  MEASURES  OF  THE  CLIMATIC 
EFFICIENCY  FOR  GROWTH  OF  THE 
STANDARD  PLANTS 

INTRODUCTORY 

As  has  been  stated,  the  investigation  of  which  this  study  is  a part  was 
planned  with  the  idea  of  obtaining  some  quantitative  measures  of  the  cli- 
matic complex  for  each  of  the  various  stations,  in  terms  of  plant  activity. 
Since  the  soil  used  was  the  same,  since  its  moisture  content  was  kept  high 
enough  to  support  good  growth  at  all  times,  for  all  stations  and  for  all  peri- 
ods, and  since  seeds,  of  the  same  lot  were  used  in  all  cases,  it  is  supposed  that 
the  differences  in  the  growth  rates  for  the  various  periods  and  stations  must 
have  been  due  to  effective  environmental  differences  other  than  those  of  soil 
conditions.  On  account  of  the  auto-irrigation  of  the  cultures,  precipitation 
was  practically  without  direct  influence  upon  the  cultures  of  the  exposed  and 
forest  stations,  and  it  was  of  course  quite  without  direct  influence  upon  the 
cultures  of  the  covered  stations.  The  influential  environmental  conditions 
that  differed  from  station  to  station  and  from  period  to  period  in  these  tests 
were  those  usually  considered  as  climatic,  with  the  omission  of  precipitation. 
The  plant  data,  as  set  forth  in  the  tables  and  graphs,  may  therefore  be  re- 
garded as  approximate  measures  of  the  integrated  non-precipitation  condi- 
tions of  the  several  climatic  complexes  under  which  the  plants  grew.  These 
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measures  of  course  refer  specifically  to  this  particular  variety  of  soy-bean 
plant  and  to  the  particular  set  of  soil  conditions  that  was  common  to  all  cul- 
tures. With  another  soil,  or  with  another  kind  of  plant,  the  plant  values 
would  of  course  have  been  more  or  less  different  from  those  here  recorded. 
It  remains  to  be  found  out  whether  or  not  soy-bean  is  a suitable  standard 
plant  for  use  in  this  sort  of  climatic  integration  when  the  needs  of  agriculture, 
forestry  and  general  ecology  are  primarily  considered.  From  what  has  been 
said  in  the  preceding  sections  it  appears,  however,  that  soy-bean  is  at  least 
especially  well  suited  to  preliminary  and  pioneer  studies  like  the  present  one.20 

From  this  point  of  view,  each  of  the  graphs  of  the  plant  values  (shown  by 
the  black  lines  in  figures  2-6)  may  be  regarded  as  a representation  of  the  sea- 
sonal march  of  the  non-precipitation  portion  of  the  climatic  environment 
for  the  particular  station  in  question,  the  graphs  for  the  exposed  stations  rep- 
resenting the  “natural”  conditions,  while  those  for  the  covered  and  forest 
stations  refer  to  the  more  or  less  modified  climates  experienced  by  these 
cultures.  Some  of  the  more  outstanding  features  of  these  plant  graphs  have 
been  mentioned  in  the  preceding  sections  of  this  paper,  and  other  features 
will  become  evident  from  a careful  study  of  the  graphs  themselves,  or  of  the 
tables  from  whose  data  the  graphs  were  constructed.  Much  more  might  be 
said  in  this  connection  than  has  been  said,  but  the  newness  of  the  present 
point  of  view,  together  wth  the  obvious  complexity  of  the  numerical  results 
here  presented,  make  it  undesirable  to  attempt  a careful  study  of  these  data 
at  the  present  time.  The  tables  and  graphs  of  this  paper  render  the  numer- 
ical values  available  for  future  study,  when  this  aspect  of  climatology  and 
ecology  shall  have  begun  to  attract  more  general  and  appreciative  attention 
than  it  now  enjoys. 

It  should  be  emphasized  that  the  plants  have  automatically  weighted  and 
integrated  all  the  fluctuating  and  differing  conditions  for  the  several  culture 
or  exposure  periods,  and  that  the  final  summation  is  given  in  terms  of  the 
amount  of  growth  produced  in  2 weeks  or  4 weeks  from  the  seed.  Dividing 
this  final  summation  by  the  number  of  days  in  the  corresponding  period 
gives  the  average  plant  producing  power  of  the  non-precipitation  part  of  the 
climatic  complex  for  the  given  period  and  station. 

It  has  been  noted  that  these  plant  values  generally  show  a seasonal  march 
for  each  station,  the  growth  index  being  relatively  low  for  periods  near  the 
beginning  and  end  of  the  season,  and  relatively  high  for  midsummer  periods, 
and  it  has  been  suggested  that  temperature  may  be  considered  as  the  main 
controlling  condition  in  the  bringing  about  of  these  seasonal  marches,  various 
modifications  being  superimposed  upon  the  temperature  influence  by  other 
climatic  conditions  such  as  the  intensity,  duration  and  seasonal  distribution 
of  light,  and  the  intensity  and  seasonal  distribution  of  evaporation. 

20  A study  somewhat  similar  to  this  one,  using  wheat,  pea  and  brome-grass  as  standard  plants,  was  carried 
out  by  Sampson  assisted  by  the  author.  See:  Sampson,  A.  W.  Climate  and  plant  growth  in  certain  vege- 
tative associations.  U.  S.  Dept.  Agric.  Bull.  700.  72  p.,  37  fig.  Govt.  Printing  Office:  Washington,  1918. 
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SEASONAL  AVERAGES  OF  MEAN  DAILY  INTENSITY  VALUES  FOR  THE  SEVERAL 

STATIONS 

Aside  from  the  characteristics  of  the  seasonal  marches  of  the  climatic  con- 
ditions in  question  (which  are  best  seen  in  the  seasonal  graphs  themselves, 
figs.  2-6),  it  is  of  interest  to  average  all  the  corresponding  plant-index  values 
for  the  season  for  each  station,  thus  obtaining  a seasonal  average  or  mean 
daily  plant-producing  power,  as  a single  index  for  each  growth  criterion  for 
each  station.  This  has  been  done  for  all  the  stations,  for  the  2-week  and  for 
the  4-week  periods  and  for  each  growth  criterion,  and  the  resulting  seasonal 

TABLE  x 


Relative  seasonal  daily  means  for  the  several  stations , by  each  of  the  five  growth  criteria. 
The  letter  H denotes  high  values;  M,  intermediate  values;  and  L,  low  values.  ( The 
covered  station  and  the  forest  station  are  included  for  completeness.) 


STATION  NAME 

NUMBER 

OF 

DAYS 

2- WEEK 
STEM 
HEIGHT 

2-week 

LEAF 

PRODUCT 

4-week 

STEM 

HEIGHT 

4-week 

LEAF 

AREA 

4-week 

DRY 

WEIGHT 

Oakland 

125 

L86 

L77 

L71 

L71 

L79 

Chewsville 

154 

L87 

L84 

L75 

L74 

L78 

Monrovia 

154 

L79 

L80 

L66 

L71 

L79 

College 

154 

M95 

M101 

M80 

M110 

M119 

Baltimore 

153 

H125 

H119 

H104 

M115 

M105 

Darlington 

154 

H113 

H118 

H106 

H148 

H144 

Coleman 

168 

M96 

M107 

M80 

M117 

Ml  13 

Easton 

171 

M95 

M105 

M75 

L82 

L83 

Princess  Anne 

169 

M106 

M96 

M92 

M117 

M116 

Oakland,  covered 

M92 

L78 

M81 

M118 

M93 

Baltimore,  covered 

H172 

H125 

H136 

HI  54 

M95 

Easton,  covered 

— 

H145 

H142 

HI  16 

H137 

M109 

Baltimore,  forest 

HHa271 

LLa62 

HH^G 

L69 

LLa41 

a The  doubling  of  a letter  indicates  an  extreme  condition;  HH  means  very  high,  etc. 


means  are  shown  in  the  last  column  of  each  of  the  data  tables  (tables  I- 
VIII),  where  the  corresponding  seasonal  averages  for  the  climatic  data  are 
also  given.  It  is  to  be  remembered  that  the  values  are  all  relative,  each  one 
being  stated  in  terms  of  the  corresponding  average  for  all  stations  and  all 
periods,  this  unit  being  considered  as  100. 

The  seasonal  averages  for  the  various  exposed  stations  are  brought  together 
in  table  X and  are  shown  graphically  in  figures  7 and  8,  the  former  figure 
dealing  with  the  2-week  and  the  latter  with  the  4-week  plant  data.  The 
abscissas  of  these  graphs  are  not  quantitative;  the  vertical  lines  are  equally 
spaced  and  each  one  represents  one  of  the  exposed  stations.  The  stations  are 
arranged  in  the  order  of  their  geographical  locations,  as  far  as  this  is  possible 
in  a linear  series.  The  ordinates  of  these  graphs  represent  the  seasonal 
means. 
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Fig.  7.  Seasonal  averages  of  2-week  data,  exposed  stations. 
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The  2-week  seasonal  averages  of  the  two  growth  measurements  taken  for 
the  nine  exposed  stations,  represented  graphically  in  figure  7,  show  that  the 
plant-producing  power  of  the  climatic  complex  is  about  the  same  whether  it 
is  measured  by  stem  height  or  leaf-product.  The  range  of  variation  for  stem 
elongation  is  from  79  (Monrovia)  to  125  (Baltimore).  In  terms  of  this 
growth  measurement,  the  average  intensity  of  the  Monrovia  climatic  com- 
plex is  63  per  cent  of  that  of  the  corresponding  Baltimore  complex.  Similarly, 
the  leaf-product  mean  varies  from  a minimum  of  77  (Oakland)  to  a maxi- 
mum of  119  (Baltimore);  as  measured  by  leaf-product,  the  mean  intensity 
of  the  Oakland  climate  is  65  per  cent  as  efficient  as  the  corresponding  mean 
for  the  Baltimore  climate.  Precipitation  is  of  course  left  out  of  account  here, 
as  in  the  other  considerations  of  this  paper.  The  nine  stations  fall  into 
three  groups,  according  to  these  mean  values:  Oakland,  Chewsville  and 
Monrovia  have  low  relative  values,  Baltimore  and  Darlington  have  high 
values,  and  College,  Coleman,  Easton  and  Princess  Anne  have  intermediate 
and  similar  values.  (See  the  letters  L,  H and  M in  table  X.) 

Turning  to  the  4-week  seasonal  averages,  as  shown  in  figure  8,  it  is  seen 
that  the  graph  for  stem  height  agrees  very  well  with  the  two  2-week  graphs 
just  considered.  It  is  also  seen  that  the  4-week  graphs  for  leaf  area  and  dry 
weight  agree  in  a satisfactory  manner.  According  to  these  two  graphs,  the 
nine  stations  fall  into  the  following  three  groups:  Oakland,  Chewsville,  Mon- 
rovia and  Easton  constitute  the  groups  with  low  values,  Darlington  is  alone 
in  the  group  with  high  values,  and  College,  Baltimore,  Coleman  and  Princess 
Anne  make  up  the  group  with  intermediate  and  similar  values.  (See  the 
letters  of  table  X.) 

It  is  to  be  remembered  that  the  two  series  of  data  (2-week  and  4-week) 
refer  to  the  same  total  time  interval.  The  plants  of  one  series  were  register- 
ing the  same  climatic  conditions  as  those  of  the  other  series;  indeed,  they 
were  the  same  plants,  for  the  4-week  measurements  were  obtained  from  the 
same  plants  as  those  from  which  the  corresponding  2-week  measurements 
had  been  secured.  The  fact  that  the  seasonal  averages  of  the  leaf  area 
values  (4-week)  do  not  show  the  same  grouping  of  the  stations  as  do  the  leaf- 
product  values  (2-week)  is  to  be  referred  to  the  fact  that  the  plant  alters  its 
internal  conditions  with  growth  and  age.  A soy-bean  plant  exposed  two 
weeks  is  an  entirely  different  instrument  (as  far  as  measuring  environmental 
efficiency  is  concerned)  from  the  same  plant  exposed  4 weeks.  For  this 
reason  it  seems  desirable  that  such  studies  as  the  present  one  should  be  car- 
ried out  with  as  short  periods  of  exposure  of  the  standard  plants  as  is  feasible. 
It  is  somewhat  as  though  the  instrument  wore  out  and  altered  its  character- 
istics with  too  long  exposure.  Since  it  is  obviously  impracticable  to  obtain 
a large  number  of  plants  that  are  approximately  alike,  excepting  as  seeds,  it 
seems  desirable  to  begin  each  observation  with  new  seed  (as  was  done  in 
this  investigation),  and  to  take  the  final  readings  before  the  internal  condi- 
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Fig.  8.  Seasonal  averages  of  4-week  data,  exposed  stations. 
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tions  of  the  plants  have  been  too  seriously  altered  through  age  and  the 
approach  toward  maturity.  At  the  same  time,  the  standard  plants  must  of 
course  be  allowed  to  grow  long  enough  so  as  to  be  influenced  by  the  fluctuat- 
ing environmental  conditions  and  long  enough  to  give  easily-obtained  meas- 
urements. McLean  (1917)  has  given  some  attention  to  the  difference  between 
the  behavior  of  the  soy-bean  plant  during  the  first  anfi  second  two  weeks  of 
its  growth  from  the  seed,  under  the  same  set  of  climatic  conditions  and 
fluctuations,  pointing  out  that  the  plant  becomes  more  sensitive  to  evapora- 
tion conditions  as  it  grows  older  (since  its  leaf  surface  becomes  larger) . In 
the  use  of  standard  plants  as  indicators  of  climatic  efficiency  the  length  of 
time  chosen  for  the  exposure  period  is  clearly  very  important.  It  may  be 
added  that  future  studies  may  bring  out  certain  advantages  for  a 3-week  or 
4-week  exposure  of  soy-bean  plants,  as  compared  with  a 2-week  exposure, 
but — as  has  been  pointed  out  elsewhere  in*  this  paper — details  will  be  more 
apparent  when  the  periods  are  relatively  short,  and  the  principles  upon  which 
this  sort  of  work  is  based  are  more  nearly  fulfilled  with  short  periods. 

To  summarize  this  discussion,  the  nine  exposed  stations  arrange  themselves 
in  three  groups  by  every  one  of  the  five  criteria,  the  grouping  is  identical  by 
.three  of  the  criteria  (2-week  stem  height,  2-week  leaf-product  and  4-week 
stem  height),  it  is  identical  by  the  two  remaining  criteria  (4-week  leaf  area 
and  4-week  dry  weight),  but  is  it  somewhat  different  by  these  two  separate 
series  of  criteria.  The  differences  are:  that  the  second  series,  of  criteria 
place  Baltimore  in  the  intermediate  instead  of  in  the  high  group,  and  Easton 
in  the  low  instead  of  in  the  intermediate  group. 

It  is  a striking  fact  that  all  five  growth  criteria  agree  in  placing  Oakland, 
Chewsville  and  Monrovia  in  the  group  for  low  mean  daily  values,  in  giving 
Darlington  high  values,  and  in  giving  College,  Coleman  and  Princess  Anne 
intermediate  values.  Only  for  Baltimore  and  Easton,  among  the  exposed 
stations,  are  there  discrepancies. 

If  the  five  seasonal  values  are  averaged  for  each  exposed  station,  the  result 
places  Oakland  (77),  Chewsville  (80)  and  Monrovia  (75)  in  the  group  for 
low  averages,  gives  intermediate  values  for  College  (101),  Coleman  (103), 
Easton  (88)  and  Princess  Anne  (105),  and  gives  high  values  for  Baltimore 
(114)  and  Darlington  (126).  These  average  values  are  shown  in  the  third 
column’ of  table  XI. 

The  average  data  for  the  covered  and  forest  stations,  also  shown  in  table 
X,  emphasize  the  influence  of  the  glass  covers  and  of  the  forest  shade,  etc. 

It  is  perhaps  important  to  emphasize  that  the  criterion  of  stem  elongation 
gives  the  same  grouping  of  the  exposed  stations  by  the  4-week  as  by  the 
2” week  values.  The  ratio  of  the  2-week  seasonal  mean  to  the  corresponding 
4-week  mean  is  shown  for  each  exposed  station  below. 
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Oakland 

1.21 

Darlington 

1.07 

Chewsville 

1.16 

Coleman 

1.20 

Monrovia 

1.18 

Easton 

1.27 

College 

1.19 

Princess  Anne 

1.15 

Baltimore 

1.20 

t 

The  average  of  these  ratios  is  1.18. 

If,  therefore, 

the  stem  height  of  the 

soy-bean,  grown  as 

a standard  plant, 

be  used  as  a 

measure  of  the  climatic 

complex,  and  the  measurement  be  expressed  as  relative  average  daily  incre- 
ments, as  in  this  study,  the  2-week  readings  may  be  approximately  reduced 
to  4-week  readings  (considering  these  as  the  standard)  by  dividing  each 
2- week  reading  by  the  constant  1.18. 

THE  TOTAL  SEASONAL  EFFICIENCIES  FOR  THE  SEVERAL  STATIONS 

The  efficiency  of  an  environmental  complex,  or  its  power  to  produce  growth 
in  a standard  plant,  is  to  be  considered  as  the  product  of  two  factors,  intensity 
and  duration.  If  the  seasonal  averages  of  the  mean  daily  rates  of  growth, 

TABLE  XI 


Relative  generalized  climatic-efficiency  'products  for  the  several  stations. 


STATION  NAME 

1 

NORMAL  LENGTH  OF 
GROWING  SEASON 
(A) 

RELATIVE 

GENERALIZED  SEA- 
SONAL AVERAGE 

OF  DAILY  MEAN 
INTENSITY  (B) 

CLIMATIC 

EFFICIENCY  PROD- 
UCT (ab) 

Oakland 

days 

117 

77 

9009 

Chewsville 

156 

80 

12480 

Monrovia 

75 

College 

167 

101 

16867 

Baltimore 

223 

114 

25422 

Darlington 

188 

126 

23688 

Coleman 

205 

103 

21115 

Easton 

201 

88 

17688 

Princess  Anne 

181 

105 

19005 

to  which  attention  has  thus  far  been  confined,  be  taken  as  the  intensity  fac- 
tors for  the  respective  stations,  for  the  season  of  1914,  and  if  the  length  of 
the  entire  growing  season  for  each  station  be  taken  as  the  (duration  factor, 
or  the  length  of  time  through  which  the  corresponding  intensity  is  consid- 
ered as  effective,  then  the  product  of  the  length  of  the  season  and  the  corre- 
sponding intensity  factor  should  give  a value  that  may  approximately  repre- 
sent the  relative’  efficiency  of  the  climatic  complex  for  the  station  and  year 
in  question,  by  the  given  plant  criterion.  Precipitation  is  of  course  neglected, 
as  it  was  not  involved  in  this  study. 

The  seasonal  averages  of  the  daily  means  for  the  growth  rates,  as  used  in 
this  study  (table  X),  may  be  taken  to  represent  the  relative  values  of  the 
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climatic  intensities  dealt  with,  but  the  lengths  of  the  growing  seasons  are 
only  approximated  by  the  total  lengths  of  the  test  periods.  Rather  than  to 
employ  these  lengths  it  will  perhaps  be  better  to  use  the  mean  (normal) 
lengths  of  the  growing  seasons  for  the  several  stations  here  considered. 
These  may  be  obtained  from  Fassig’s  paper  on  this  subject,21  and  they  are 
shown  in  table  XI,  along  with  the  corresponding  generalized  climatic  efficiency 
products,  obtained  by  multiplying  Fassig’s  mean  length  of  the  growing  season 
by  the  corresponding  average  climatic  intensity  (including  all  five  plant  cri- 
teria) as  developed  in  the  preceding  section  of  this  paper.  It  is  to  be  empha- 
sized that  the  intensity  factors  are  all  for  the  summer  of  1914  and  that  the 
duration  factors  are  normal,  or  at  least  closely  approximate  normal  values. 

From  table  XI  it  appears  that  the  lowest  efficiency  product  is  for  Oakland, 
as  would  be  expected,  while  the  highest  is  for  Baltimore.  The  Baltimore 
value  .is  nearly  thrice  as  great  as  is  the  value  for  Oakland.  If  we  regard 
values  above  20,000  as  high  and  those  between  10,000  and  20,000  as  inter- 
mediate, the  stations  may  be  grouped  as  follows: — 

Low  values:  Oakland. 

Intermediate  values:  Chewsville,  College,  Easton  and  Princess  Anne. 

High  values:  Baltimore,  Darlington  and  Coleman. 

These  efficiency  products  may  be  taken  to  represent,  more  or  less  approxi- 
mately, the  relative  values  of  the  climatic  conditions  at  the  various  stations, 
to  produce  plant  growth  when  irrigation  is  resorted  to,  so  that  drought  periods 
are  avoided  as  far  as  soil  moisture  is  concerned.  While  there  is  no  reason  for 
thinking  that  these  values  (obtained  from  2-week  and  4-week  periods  and  soy- 
bean plants,  with  the  particular  soil  used  in  this  study)  may  give  really 
quantitative  information  on  these  climates  as  related  to  plant  growth  in 
general,  still  the  product  indices  here  derived  are  perhaps  more  reliable  than 
any  other  series  of  numerical  values  that  might  be  readily  obtained,  and  they 
illustrate  a new  method  by  which  a beginning  may  be  made  aiming  toward 
the  quantitative  comparison  of  climatic  complexes. 

One  of  the  aims  of  ecological  climatology  should  be  to  evaluate  climates 
in  somewhat  the  same  manner  as  water-power,  mineral  deposits,  and  other 
geographically  restricted  sources  of  power  for  the  accomplishment  of  human 
purposes,  may  be  evaluated.  The  importance  of  this  aim  is  very  great  for 
agriculture  and  productive  forestry,  and  it  is  not  less  important  for  the 
fundamental  principles  of  ecology.  The  above  discussion  presents  one  of 
the  first  serious  attempts  to  compare  the  plant-producing  powers  of  several 
climates  by  means  of  numerical  indices. 


21  Fassig,  O.  L.  The  period  of  safe  plant  growth  in  Maryland  and  Delaware.  Monthly  Weather  Rev.  42: 
152-158.  1914. 
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GENERAL  CONCLUSION 

The  results  and  suggestions  attained  by  the  study  here  reported  leave  the 
problem  of  agricultural  or  ecological  climatology  still  very  far  from  solved, 
but  the  purpose  of  this  investigation  has  been  achieved  if  some  of  the  more 
fundamental  considerations  that  must  be  taken  into  account  in  this  sort  of 
inquiry  have  been  emphasized.  The  main  points  brought  out  are  summar- 
ized in  the  Abstract  at  the  beginning  of  this  paper  and  do  not  require  repeti- 
tion here.  It  is  clear  that  this  aspect  of  climatological  science  required  other 
measures  and  other  methods  of  treatment  than  those  thus  far  developed  by 
meteorological  climatologists,  and  that  much  physiological  knowledge  must 
be  built  into  the  structure  of  the  new  science.  It  appears  that  the  use  of 
standard  plants,  in  some  such  way  as  the  soy-bean  plants  were  used  in  this 
investigation,  and  the  avoiding  of  the  immense  complications  due  to  soil 
conditions  when  the  same  soil  is  not  employed  in  all  cases,  will  lead  to  progress 
in  this  exceedingly  difficult  but  both  fundamentally  and  practically  important 
field  of  human  advancement.  If  the  relations  that  hold  between  climatic 
conditions  and  plant  growth  are  to  be  really  understood  it  will  be  necessary 
for  the  climatological  student  to  interest  himself  in  plant  physiology  in  no 
merely  superficial  way,  and  it  will  be  necessary  for  much  of  the  science  of 
climatology,  as  it  is  now  represented  in  the  literature,  to  be  very  lightly 
stressed.  The  point  that  seems  in  need  of  emphasis  is  that  this  new  aspect 
of  climatology  (or  of  ecology)  will  have  to  deal  with  climatic  conditions  as 
they  affect  'plants;  it  will  not  need  to  give  main  attention  to  climatic  fluctua- 
tions and  differences  per  se,  nor  to  the  meteorological,  physical  and  astronomi- 
cal reasons  for  their  occurrence. 
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